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INTRODUCTION

Through its Continuing Bibliography Program, NASA will prepare and distribute a
series of bibliographies devoted to specific subjects in the aerospace field. The subjects have
been selected because of their significant relationship to current developments in the space
program, and because of a clearly established interest in them on the part of aerospace
specialists. In order to assure that future information will become available in an orderly
manner, each Continuing Bibliography will be updated periodically in the form of
supplements which can be appended to the original edition. High Energy Propellants,
NASA-SP-7002, is the first publication to appear under this program. It presents
a selection of annotated references to unclassified reports and journal articles an-
nounced in Technical Publications Announcements (TPA), Scientific and Technical
Aerospace Reports (STAR), and International Aerospace Abstracts (IAA). Prime
emphasis is given to those references which are concerned with research and de-
velopment studies on solid, liquid, and hybrid propellants and oxidizers, but the
bibliography also provides extensive coverage of such related topics as propellant
handling and storage, combustion characteristics, toxicity, and hazards and safety measures.

Each entry in the bibliography consists of a citation and an abstract. The listing
of entries is arranged in two major groups: all report literature references are
contained in the first group and are subdivided according to their date of announce-
ment in TPA and STAR; the second group includes all published literature refer-
ences subdivided according to their date of announcement in I4A. All reports and

articles cited were introduced into the NASA Information System during the period
January 1962-March, 1964.

A subject index is also included.



AVAILABILITY OF DOCUMENTS

STAR Series (N62, N63, N64)

NASA documents listed are available without charge to:

. NASA Offices, Centers, contractors, subcontractors, grantees, and consultants.
. Other U. S. Government agencies and their contractors.
. Libraries that maintain depositories of NASA documents for public reference.

W N =

. Other organizations having a need for NASA documents in work related to the
aerospace program.

5. Foreign organizations that exchange publications with NASA or that maintain

depositories of NASA documents for public use.

Non-NASA documents listed are provided without charge only to NASA Offices,
Centers, contractors, subcontractors, grantees, and consultants.

Organizations and individuals not falling into one of these categories may purchase
the documents listed from either of two sales agencies, as specifically identified
in the abstract section:

Office of Technical Services (OTS) Superintendent of Documents (GPO)
U.S. Department of Commerce U.S. Government Printing Office
Washington, D.C. 20230 Washington, D.C. 20402

Information on the availability of this publication and other reports covering
NASA scientific and technical information may be obtained by writing to:

Scientific and Technical Information Division
National Aeronautics and Space Administration
Code ATSS-AD

Washington, D.C. 20546

Collections of NASA documents are currently on file in the organizations listed on
the inside of the back cover.

IAA Series (A63, A64)

All articles listed are available from the American Institute of Aeronautics and Astro-
nautics, Technical Information Service. Individual and Corporate AIAA Members in the
United States and Canada may borrow publications without charge. Interlibrary loan
privileges are extended to the libraries of government agencies and of academic non-
profit institutions in the United States and Canada. Loan requests may be made by mail,
telephone, telegram, or in person. Additional information about lending, photocopying, and
reference service will be furnished on request. Address all inquiries to:

Technical Information Service
American Institute of Aeronautics and Astronautics, Inc.
750 Third Avenue, New York 17, New York

For further details please consult the Introductions to STAR and JAA, respectively.
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N62-10014  National Aeronautics and Space Administration. Lewis
Research Center, Cleveland.
PRELIMINARY STUDY OF THE EFFECTS OF IONIZING RADIATIONS
ON PROPELLANTS; THE X-IRRADIATION OF AMMONIA AND
HYDRAZINE.
Harold W. Lucien. Feb. 1962, 9 p. 4 refs. (NASA TN D-1193) OTS,
$0.50

Irradiation of ammonia vapor, liquid ammonia, and hydrazine
vapor by a 250-kv, 15-ma source that provided 90 to 100 r/min resulted
in decompositions varying from less than 1 to 3 percent. In addition to
the formation of nitrogen and possibly hydrogen from the ammonia
and hydrazine decompositions and the formation of hydrazine from

ond ia from hydrazine, other materials were formed

that were not characterized.

N62-10081 National Aeronautics and Space Administration. Lewis
Research Center, Cleveland.
ANALYSIS OF LIQUID-HYDROGEN STORAGE PROBLEMS FOR UN-

MANNED NUCLEAR-POWERED MARS VEHICLES. R. J. Brun, J. N. B.
Livingood, E. G. Rosenberg, and D. W. Drier. APPENDIX D: CALCULA-
TIONS OF SHIELDING NECESSARY TO PREVENT RADIATION
DAMAGE TO REACTOR CONTROL EQUIPMENT. John M. Smith.
Jan. 1962, 65 p. 17 refs. (NASA TN D-587) OTS, $1.75

Tankage, nuclear shielding, and hydrogen heat-input problems
are investigated for three unmanned nuclear vehicles intended for
probing in the vicinity of Mars and landing freight on Mars. Tank
geometry, tank and supporting-structure weight, and tank protection
from meteoroids are discussed. The size and weight of the nuclear
shield as required by a prescribed allowable dose and/or the heat
input to the hydrogén are determined. The hydrogen heat input in-
cludes nuclear, onboard thermal, solar, and planetary sources.

N62-10095  National Aeronautics and Space Administration. Lewis
Research Center, Cleveland.

A PHOTOGRAPHIC STUDY OF LIQUID HYDROGEN UNDER SIMU-
LATED ZERO GRAVITY CONDITIONS.

Irving Brazinsky and Solomon Weiss. Feb. 1962, 16 p. 5 refs.
(NASA TM X-479)

The transient behavior of liquid hydrogen in a Dewar under con-
ditions of free fall was studied photographically. During the weightiess
period of approximately % second, the liquid rose along the walls of the
Dewar into the original gas space. Liquid rise rates were determined,
and it was concluded that adhesive forces were the primary cause of
ths rise.

N62-10143  Pioneer-Central Div., Bendix Corp., Dovenport, lowa.
UQUID OXYGEN CONVERTER FOR WEIGHTLESS ENVIRONMENT.
Dale L. Hankins and Paul J. Gardner. Wright-Patterson Air Force Base,
Ohio, Aerospace Medical Lab., Nov. 1961. 11 p.  (ASD Tech. Rept.
61-634) (Contract AF33(616)-6190)  Available from OTS: ph $4.60,
mi $1.52.

A CONTINUING BIBLIOGRAPHY

APRIL 1964

A liquid oxygen converter has been designed to supply breathing
oxygen in a weightless environment. The converter is self pressurizing,
uvsing small quantities of liquid oxygen which ore directed into a pres-
sure buildup circuit where the liquid oxygen is voporized and exponded
fo create and maintain operating pressure. The random orientation of
the liquid oxygen in o weightless environment is overcome by a flex-
ible hemispherical diaphragm attached to the inner end of the supply
port. By application of buildup pressure to the exterior of the dia-
phragm, the collapsing diaphragm forces liquid to and through the
supply port. Testing that could be accomplished in the laboratory gave
every evidence that the design concept is satisfactory for weightiess
operation.

N62-10177  Aeronavtical Research Council (Gt. Brit.)

A METHOD OF DETECTING THE FULLY COOLED STATE OF A LIQUID
OXYGEN PIPELINE.

N. Shufflebotham. London, HMSO, 1961. 8[5) p. (ARC-CP- -
573) Previously issued as RPE-TN-193; ARC-21734.

Test sites using liquid oxygen normally rely on visual observation
to determine when the pipe system is cooled to liquid oxygen tempera-
ture. Test sites for rocket engines of high thrust, however, having con-
siderable distances between control room and test bay, necessitate the
use of an automatic “precool” indicator. This note describes a method
which has proved to give reliable remote indication when the fully cooled
state is reached. The method is based on detecting the change in
pressure at the throut of a simple venturi, which occurs when the oxygen
flow changes from the gaseous to the liquid phase.

An investigation of how liquid sprays, light scattering techniques,
chemical reaction rates of rocket propellants, and combustion instability
influence the design of combustor syst A significont result of the
study was that combustion instability was not controlled by chemical
kinefics, but that heat transfer to the injector was an important factor.
Ethylene oxide decomposition and gaseous hydrozine, for propeliont
use, were investigated.

N62-10342  Jet Propulsion Lab., Calif. Inst. of Tech., Pasadena.

AN EXPERIMENTAL INVESTIGATION OF THE PERFORMANCE OF
THE NITROGEN TETROXIDE-HYDRAZINE SYSTEM IN THE
OXIDIZER-RICH AND FUEL-RICH REGIONS.

J. ). Chilenski and D. H. Lee. Mar. 12, 1962. 13 p. 16 refs.
(4PL-TR-32-212)  (NASA Contract NAS 7-100).

The results of an experimental progrom directed toward deter-
mining some of the operational characteristics of the nitrogen tetroxide-
hydrazine propeliant system under oxidizer-rich and fuel-rich conditions
are reported. Data are presented for the mixture-rafio ranges of. 0 to
0.55 at a nominal chamber pressure of 300 psia ond characteristic
chamber length of 250 in., ond at mixture ratios of 5.9 to 130 ot
nominal chamber pressures of 400 and 500 psia and characteristic
chamber lengths of 100 and 3900 in. The relationship of the actual
performance data obtained in each region with those predicted from
thermochemical performance calculations is presented. From this com-
porison, it is concluded that in neither region are equilibrium con-
ditions obtained and that utilization of performance data obtained from
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assumptions of equilibrium will lead to serious errors. in the oxidizer-
rich region investigated, temperatures considerably below those
predicted occur throughout the range of mixture ratios investigated be-
cause of the lack of exothermic dissociation of the nitrogen oxides. In
the fuel-rich region, below a mixture ratio of 0.3, temperatures con-
siderably higher than those predicted occur because of the lack of
endothermic dissociation of ammonia.

N62-10551  Research Inst., Temple U., Philadelphia, Pa.

ADDITION AND SUBSTITUTION PRODUCTS OF OXYGEN
FLUORIDES.

Second Annual Progress Report [Jan. 1 to Dec. 31, 1961}

A. G. Streng oand A. V. Grosse. Jan. 19, 1962. 49 p. 21 refs.
(Contract Nonr 3085(01))

A new type of highly colored deep-violet addition compounds of
dioxygen difluoride has been obtained. These compounds are formed
by addition 1o CIF, Brfs and SF., under mild reaction conditions.
They have a remarkable oxidizing power, even at very low temperatures.

The analogous fluorides of the other elements adjoining oxygen and
fluorine in the Periodic System did not form addition compounds of
this type.

The O:F: + CIF reaction was studied extensively. Various com-
binations of the factors influencing the synthesis were investigated, and
the yield of the violet addition product was raised to 81 percent of the
theoretical value.

The investigation ot the properties of the violet compound, the
elementary composition of which was found to be O: CIFs, showed that
the solid violet compound, contaminated only by ClFa, is stable at
195° K. At this temperature it wos kept for over 9 months without any
noticeable decomposition. The compound is soluble in liquid CIFs, CIF,
O:F: and HF, ot 125-190° K., but is insoluble in liquid Oz, Os, CIOsF,
CiFe, NF3, CClz F2 and CCIF: in the range of 90-160° K. The solutions
are less stable than the solid compound. The measurements of the
electrical conductivity of a solution of the violet compound in anhydrous
HF ot 78" C. showed that Oz CIFs is not an electrolyte.

The study of the reactivity of the violet compound at low tem-
peratures showed its extremely high oxidizing power. The compound
reocts vigorously with ammonio, ethane and ethylene, even at 120-
160° K.

The violet addition product was synthesized also from CIF: and O:
ot 1957 K. under pressure, by irradiation with ultraviolet light. The pre-
liminary dota on the visible absorption spectrum of this compound were
obtained.

The decompaosition ot a solution of O:CIFs in anhydrous HF led,
under some conditions, to the formation of o blue compound or com-
pounds. The nature of these compounds was not established.

(Author Abstract)

N62-10977  Little (Arthur D.) Inc., Cambridge, Mass.
UQUID PROPELLANT LOSSES DURING SPACE FUGHT.
Second Quarterly Progress Report.

May 1961. v, 84p. 31 refs.

(Report No. 63270-00-02) (NASA Contract NASA-664)

To provide design data for liquid propellant storage systems in
space vehicles, work is being undertoken to describe quantitatively
environmental aspects that may be contributory to propellant losses,
the interactions of the propellant and its storage system with the
environment, and finally the performance of protective systems to limit
such losses.

Studies are continving to quantitatively describe aspects of the
space environment that may contribute fo propellont losses. The major
effort in these studies has been completed, and information is being
stored in a punch-card system.

Theoretical studies of thermal interactions between the space
environment and the liquid propellant system have shown that per-
formance of radiation shielding is a function of the spacing between
shields. Analytic studies have resulted in formulation of a computer
program for designing cryogenic propellant tanks.

A first order theory has been developed to explain the performance
of meteorite bumpers as protective devices against meteorites. However,
data indicates that this theory may be optimistic in estimating the
protection bumpers will afford. A more detailed analysis involves the
study of shocks which travel through the bumpers and the projectiles
after impact and how these shocks cause particles to break up. Results
have so for indicated that particle break-up is highly dependent upon
the shape and oftitude of particles and upon the density and state of
bumper and porticle materials. Also, as a consequence of considering a
meteorite-protection system based on optical detection of meteoroids,
the opinion is held thot optical sighting may be o useful method of
obtaining meteoroid data in satellite experiments.

An analysis has been made of rodiation dosage resulting from high
energy protons and from bremsstrahlung occompanying electron
absorption in the outer Van Allen belt. Results enable the calculation of
radiation dosages received by living or inanimate objects behind a
barrier. In addition, an analysis has been made of the prossible magni-
tude of radiation effects on the mechanical properties of several
structural materials. Results show that molecular or atomic diffusion of
hydrogen'has little effect in causing hydrogen embrittlerment of stainless
stoel. (v.D.S)

N62-11029  Stanford Research Inst., Menlo Park, Calif.

A SURVEY AND EVALUATION OF HIGH ENERGY LIQUID CHEM-
ICAL PROPELLANT SYSTEMS.

Quarterly Report No. 4, Dec. 16, 1961 to Mar. 15, 1962.

Adolph B. Amster.  Apr. 4, 1962, i, 41 p. refs.

{NASA Contract NASr-38; SRI Proj. PRU-3652)

OTS: ph $4.60, mi §$1.52.

In a program to survey and evaluate high energy liquid propellant
systems for NASA space missions, efforts have been divided among:
(1) studies of OsF2 properties; (2) development of propellant selection
criterio; ond (3) construction of o liquid-test facility. Storage stobility of
O:F: ond OsF:-LOX (liquid nitrogen} mixtures, their compatibility
with other materials, and their hypergolicity with hydrogen were con-
sidered. Samples of O:F: were stored in liquid nitrogen for periods
up to six months; and results revealed that storoge stability of OsF2,
stored in glassware over periods of days to several months, did not
appeor to be a measurcble parameter. in compatibility tests, ten cylin-
drical samples of various materials were immersed in OsF: at liquid
oxygen temperatures for 22 days. Of the corrosion specimens, results
showed that only with the brass sample did a significant weight loss
occur; zinc appeared to have been removed, leaving the surface rich in
copper. Hypergolicity test results indicated that in no case did a sample
of Os F2-O:z mixture ignite hydrogen at one atmosphere of pressure and
that most of the samples were not hypergolic after two days. At pres-
sures of 0.5 atmospheres or less, ignition did occur during the first few
hours, but very few positive results were obtained after one day.
However, positive results were observed with o sample stored for a two-
week period. Ropid mixing of warm hydrogen with oxygen appears to
be necessary 1o ensure hypergolicity since ignition occurred at 0.5/atms
pressure and not at 1/atms. At reduced pressures oxygen evaporates,
leaving a cooler residue. Hence, mixing of the warmer hydrogen in the
gases or liquid probably occurs.

In evaluating propellants for the NASA space program, criteria
will be developed primarily to evaluate new propellants and their best
possible applications and 1o determine whether or not these propellants
should be developed to operational stotus. The evaluation operation
will ascertain whether the propellant can meet all requirements and
whether a vehicle using the propellant would involve lower comparative




total resource/consumption (CTRC) for the mission than another con-
figuration using the best available propellant. (v.D.S.)

N62-11281  Little, (Arthur D) Inc., Cambridge, Mass.

THE SPACE ENVIRONMENT AND ITS INTERACTIONS WITH LIQUID
PROPELLANTS AND THEIR STORAGE SYSTEMS.

Technical Report.

Norman M. Wiederhorn.  Sept. 1961,  xi, 102 p. 193 refs.

{Rept. C-63270-02-1)  (NASA Contract NAS5-664)

OTS: ph $9.10, mi $3.44.

Space environment and its interactions with liquid propeilants and
their storage systems are investigoted. Results indicated: (1) Magnetic
tields seem to have no direct influence upon the storoge of propellants.
(2) Spoce vacuum, with its very low pressure, increases the rate of
evaporation of volatile components, such as resin laminates, from the
surface of the storage tank, thus lending to the evaporation of its con-
tents. (3) Zero gravity affects the position of the liquid in the container.
This can lead to venting and piping problems as well as to blowouts.
(4) Electromagnetic radiation causes the absorption of radiation as heat
input to the cryogenic propellants, resulting in evaporation. In the
case of noncryogenic propellants, degradation of the tank coating can
lead to a change of the equilibrium temperature, which could result in o
vapor pressure sufficient to rupture the tank. (5) Particulate radiotion
from solar winds, solar flares and the Van Allen belt does not oppear to
pose a serious hazard with respect to the storage of liquid propellants.
{6) Meteoroids can either penetrate the storage tank or form craters.
The lotter could initiate propagating cracks in stressed skin. )1 is evident
that @ protective system is necessary and that, at the present time,
Whipple’s concept of a meteor bumper seems to be the most reasonable
approach to a lightweight protective system. This study includes a bibli-
ography of space environment, as well as abstracts. {lv.L.}

N62-11479  Utah U, Salt Lake City

IGNITION AND COMBUSTION OF SOLID PROPELLANTS.

Final Technical Report, Mar. 1957-Sept. 30, 1961.

Rex C. Mitchell, John A. Keller, Alva D. Baer, and Norman W. Ryan.
[1961?]  79p. 13 refs.

(AFOSR-2225)  (Contract AF 49(638)-170)

The original project objective, to study the ignition of composite
propellants, was broadened to encompass the study of other combustion
transients, these being, so far, subjected only to exploratory investi-
gation. The study of ignition was concerned with the response of
propellant to externally suppiied heat fiux. Both radiant flux from
electrically heated tube furnaces and convective flux from shock-heated
gas were employed, the former giving fluxes in the ronge 5 to 50, the
latter, 100 to 300 Btu per sec., sq. ft. The results, ignition delay time
as a function of heat flux, are correlated by a modified form of the
theory originally set forth by B. L. Hicks, according to which the ignition
deloy time should be nearly proportional to the square of the heat
flux. The extent of deviation from proportionality provides a measure
of kinetic parameters. The theory is shown to predict the effect of initial
propellant temperature on the ignition time-heat flux relationship, but
it is noncommittal with respect to the effect of pressure. Empirically it
is found that the effect of pressure on the ignition delay time or per-
chlorate propellants is a function of heat flux level, being very slight,
for the propellants studied, at flux levels above 20 Btu per sec., sq. ft.
Exploratory studies have concerned flame spread, effects of aerody-
namic transients on burning propellont, and the diffusion flame between
large bodies of fuel and oxidant. One firm conclusion is that flame
spread across fresh surface, unassisted by external heat flux to that
surface, is too slow to be an important factor in the overall ignition
process. As one aspect of the aerodynamic tronsient studies, o theory
of the rarefaction tube was developed, and is here presented.

(Author Abstract)

N62

N62-11512  Princeton U, N.J.
PROJECT SQUID: A COOPERATIVE PROGRAM OF FUNDAMENTAL
RESEARCH AS RELATED TO JET PROPULSION FOR THE OFFICE
OF NAVAL RESEARCH, DEPARTMENT OF THE NAVY.
Semi-Annual Progress Report Covering the Period 1 Oct. 1961 to
31 Mar. 1962.
Apr.1,1962. 108p. refs.
{Contract Nonr 1858(25), NR-098-038)
CONTENTS:
I. FLUID MECHANICS
FUNDAMENTAL (INVESTIGATION OF NONSTEADY AND
NONEQUILIBRIUM FLOW. G. Rudinger (Cornell Aeronaut.
lab.). p.1-7. 13 refs.
INVESTIGATION OF TURBULENCE. Leslie S. G. Kovasznay
(Johns Hopkins U.).  p. 9-12.  5Srefs.
H. TRANSPORT AND TRANSFER PROCESSES
FUNDAMENTAL STUDY OF THE DYNAMICS OF GASES AND
PLASMAS. Jomes E. McCune, Guido Sondri, Theodore F.
Morse, and Edward A. Frieman (Aeronaut. Research Associates
of Princeton).  p. 13-16.
RESEARCH ON THERMODYNAMIC AND TRANSPORT PROPER-
TIES OF GASES AT HIGH TEMPERATURES AND PRESSURES.
J. Kestin, J. Ross, A. K. Barua, R. A. Dobbins, E. A. Hiebert,
H. Iwasaki, R. F. Santopietro, J. H. Whitelaw, and T. F. Zien

(Brown U.). p.17-27.
PROPERTIES OF TWO-PHASE FLOW. S. L Soo, J. A.
Hultberg, G. J. Trezek, and D. C. Dimick (lllinois U.). p. 29-
36 11 refs.
THERMAL CONDUCTIVITY OF GASES AND LIQUIDS OVER A
RANGE OF TEMPERATURES AND PRESSURES.  Frederick G.
Keyes (Mass. Inst. of Tech.). p. 37-38.
A STUDY OF FLUID FLOW WITH SUSPENDED PARTICLES.
Roger Eichhorn, R. A. Cookson, J. Muir, and R. Shanny
(Princeton U.). p. 39-40.

I, CHEMICAL KINETICS
KINETICS OF ELEMENTARY REACTIONS. B. deB. Darwent
and A. L. Flores (Catholic U.).  p. 41-42.
INVESTIGATION OF REACTION KINETICS IN HIGH-TEMPERA-
TURE GASES, PHASE 2.  G. H. Markstein (Cornell Aeronout.
lab.). p.43-48. 8 refs.
HIGH TEMPERATURE REACTIONS. Howard B. Palmer, B. E.
Knox, R. Carabetta, and E. T. McHale (Pennsylvania Stote U.).
p. 49-53. 5 refs.
CHEMICAL KINETICS AND GAS DYNAMICS OF SURFACE-
CATALYZED ATOM AND FREE-RADICAL REACTIONS.
Henry Wise, Clarence M. Ablow, Carole R. Gatz, Dan Schott,
ond Bernard J. Wood (Stanford Research Inst.). p. 55-60.
10 refs.

INELASTIC MOLECULAR COLLISIONS.  John E. Scott, Jr. and
James E. Drewry (Virginia U.).  p. 61-65. 3 refs.

IV. COMBUSTION PHENOMENA
SOLID-PROPELLANT FLAME MECHANISMS. R. Friedman,
A. Macek, and J. M. Semple (Atlantic Research Corp.).
p.67-72. 1 ref.
THERMAL CONDUCTIVITIES OF GASES AT HIGH TEMPERA-
TURES. ). R. Ferron and Bernhard J. Kraus (Deloware U.).
p.73-75. 1 ref.
MAGNETOHYDRODYNAMICS OF PARTIALLY IONIZED GASES.
James A. Fay, W. T. Hogan, W. C. Moffatt and J. B. Workman
(Massachusetts Inst. of Tech.). p.77-81. 2 refs.
FLUCTUATIONS IN PLASMA JETS.  Perry L, Blackshear, Jr.,
Leroy M. Fingerson, Frank D. Dorman, William H. Kuretsky, and
Gordon Q. Voss {(Minnesota U.).  p. 83-88. 3 refs.
THE INVESTIGATION OF FLAME STRUCTURE AND BURNING
CHARACTERISTICS OF HIGH ENERGY FUELS AND OXIDIZERS.
H. G. Wolthard, M. Vonpe.e, and A. Clark (Thiokol Chemical
Corp., Reaction Motors Div.). p.89-95. 2 refs.
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PLASMA FLOW IN NOZZLES. Herbert Beckmann and Alan J.
Chapman (Rice U.).  p. 97-100. 1 ref.

N62-11730  Southwest Reseorch Inst., San Antonio

A DISCREPANCY IN THE PUBLISHED RESULTS ON HEAT TRANSFER
TO CRYOGENIC AUIDS.

William Squire. Repr. from Intern. J. Heat & Mass Trans, v. 3,
1961.  p.347. 6refs.

(NASA Contract NASw-146)

Experimental results on heat transfer to cryogenic fluids conflict.
Mulford and Nigon measured heat transfer from a 12-mm copper tube
to liquid hydrogen at 520 mm pressure; results indicated a critical tem-
perature differénce of 2°K for the transition from nucleate to film
boiting and a heot flux of 6 W/ecm?.  Weil and lacaze measured the
heat loss from copper and platinum wires and tubes to liquid nitrogen
over a range of pressures; results at 1 otm indicated a critical tem-
perature difference of 10°K ond a heat flux of 10 W/em2. As the
Mulford-Nigon and Weil-Lacaze resuits were reportedly unaffected by
large changes in geometrical configurotion, it is difficult to reconcile
these discordant results. (V.D.S)

N62-11811  Armour Research Foundation, Chicago.
FUNDAMENTALS OF LIQUID PROPELLANT SENSITIVITY.
Quarterly Report No. 2, Sept. 13 to Dec. 13, 1961.

T. A.Erikson and E. L. Grove.  Jan. 30, 1962. 44 p. 3 refs.
(ARF-3197-6)  (Contract NOw 61-0603-c; ARF Proj. C 197)

During the second quarterly period of this basic study of liquid
propeilant sensitivity, positively identified, shock-tube-initioted detona-
tions of liquid nitroglycerine were achieved after evacuation of the
sample in the shock tube had been eliminated from the test procedure.
Apparently, evacuation removes volatile sensitizing agents and thus
desensitizes the nitroglycerine sample to the shock-tube test. In 50
tests with samples that were not desensitized, the time deloy was
found to decrease from 100 to 25 microseconds when the Mach num-
ber of the incident shock was raised from about 3 to 5.

Photolysis experiments indicate that o light of an absorptive wave-
length causes self-heating of the nitroglycerine until either decom-
position or detonation occurs, depending on the geometrics of the
particular experiment.

Measurements show thot woter vapor rapidly contaminates the
surfoce of nitroglycerine, as indicated by a change in surface tension,
from about 50 to 55 dynes/cm, within a few hours. Over a month of
storage, the surface tension of a sample of nitroglycerine was ob-
served to increase by about 3 dynes/cm. (Author Abstract)

N62-11812  Armour Research Foundation, Chicago.
FUNDAMENTALS OF LIQUID PROPELLANT SENSITIVITY.
Quarterly Report No. 3, Dec. 13, 1961 to Mar. 13, 1962.

T. A. Erikson and E. L. Grove.  Apr. 20, 1962. 40p. &refs.
{ARF-3167-9)  (Contract NOw 61-0603-¢; ARF Proj. C 197)

This program is o fundamental study of liquid propellant sensitiv-
ity. Shock reflection and flash irradiation are the two techniques
being used to evaluate the manner in which energy accumulation at the
liquid-vapor interface affects the detonation of a liquid propellant.
The preliminary studies are being performed with nitroglycerine.

In the shock-tube studies during this quarter, incident shocks pro-
duced by oxygen gos ot an intensity of Moch 4.6 were used as the
standard conditions. When reflected at a nitroglycerine surface, these
shocks caused detonations in approximately 75% of the tests (26 out of
a total of 34). The most frequent time deloy, from the moment of
shock reflection to the moment of detonation, was in the vicinity of 30
microseconds. However, when nitroglycerine samples were placed in the
shock tube and the shock tube was evacuated to less than 10 mm Hg
prior to the tests, no detonations occurred under comparable shock
conditions. Apparently, evacuation removes volatile sensitizers from
the nitroglycerine.

In the flash irradiation studies, when nitroglycerine droplets were
placed in contact with a black body and irradiated with a 4000-joule
xenon flash, detonations occurred in approximately 90% of the tests.
The average time delay, from the moment the light reached the surface
of the nitroglycerine to the moment of detonation, was opproximately
250 microseconds.

Evaluation of the shock-tube dota indicates that the initiation
process is critically dependent on the surface purity of the nitro-
glycerine and, when a detonation occurs, the process is virtually com-
plete within 10710 seconds. (Author Abstract)

N62-12941  Stanford Research Inst., Menlo Park, Colif.
VISCOELASTIC PROPERTIES OF SOLID PROPELLANTS AND PROPEL-
LANT BINDERS. Quarterly Technical Summary Report No. 3,
Jan. 1 to Mar. 31, 1962.

Thor L. Smith and James R. Smith.  Apr. 30, 1962. 35p. 3rets.
{Contract NOw-61-1057-d; ARPA Order 22-61)

The small deformation shear and dilatational properties of propel
lants and propellant binders are being studied. Also, consideration is
being given to the use of tensile stress-strain curves, determined ot
various strain rates, for characterizing the viscoelastic properties of
propellants. The present status of a low-frequency tester for determin-
ing the dynamic shear modulus is described. Additional data on the
temperature dependence of propellant specific volume are discussed,
along with the possible effect on observed properties of the surface to
volume ratio. Compressibilities of a polyurethane propellant and a
silicon fluid are reported at 5°, 30°, and 45° C at pressures up to 1500
psi. In addition, data which show the temperature change produced in
a specimen by a pressure change are presented, as well as data which
show the time required to reestablish thermal equilibrium. Tensile
stress-strain curves determined on a propellant at 0° F at different strain
rates are analyzed. For small strains, it appears that reloxation ef-
fects can be separated from the inherent nonlinear propertiés of the

propellant. {Author Abstract)

N62-13172  Aerojet-General Nucleonics, San Ramon, Calif.
HYDRAZINE PROCESS DEVELOPMENT.  [First Quarterly] Interim
Technical Engineering Report, Apr. through July 1961.

J. H. Cusack, L. G. Carpenter, R. i. Miller, R. L. Pearson, F. R. Stan-
derfer, dnd H. T. Watanabe.  Aug. 1961. 186 p. refs.

{Contract AF 33(600)-42996)

(ASD-TR-7-840A(I1); AGN-AN-415)

The primary gool of this progrom is the development, design,
construction and operotion of a continuous in-reactor hydrazine pro-
duction loop based on the fissio-chemical processing approach. This
report presents the history, organization ond detailed goals of the pro-
gram. Theoretical background, specific requirements and initial experi-
mental approaches in the task areas of tuel separation, product
concentration, gas disengagement, materials testing, in-reactor engi-

neering and radiolysis mechanisms are discussed. (Author Abstract)

N62-13173  Aerojet-General Nucleonics, San Ramon, Calif.
HYDRAZINE PROCESS DEVELOPMENT. [Fourth Quarterly] In-
terim Technical Engineering Repor, Feb. through Apr. 1962.

R. 1. Miller, R. L. Pearson, F. R. Standerfer, H. J. Snyder, H. T.
Watanabe, and L. G. Carpenter.  May 1962. 125p. 13 refs.
(Contract AF 33(600)-42996)

(ASD-TR-7-840A(V); AGN-AN-584)

The primary goal of this program is to develop, design, con-
struct and operate a continyous, in-reactor hydrazine production loop
based on the fissio-chemical process approach.  This report describes
particulate fuel behavior in hydroclones, in filters, and in a flocculat-
ing environment. Alterations of the in-reactor loop, supporting com-
ponents, and instrumentation, all necessitated by o change in reactor
facility, are discussed. Equipment to be used for ammonia radiolysis,
and for high energy compound and slurry radiation stability studies,
are described. (Author Abstract)




N62-13202 Defense Metals Information Center, Battelle Memorial
Inst., Columbus, Ohio.

COMPATIBILITY OF PROPELLANTS 113 AND 11482 WITH AERO-
SPACE STRUCTURAL MATERIALS.

J.D. Jockson ond W. K. Boyd. Apr. 27, 1962. 18 p. 14 refs.
(DMIC-Memo-151)

Propellants 113 (1,1, 2-trichlorotritluorcethanei and 114B2 (1,2-
dibromotetrativoroethane are considered for vernier rocket fuels
because of their moderate boiling points and fow specific heats and
heats of vaporization. The physical and chemical properties, hydrolysis
behavior and toxicity of these propellants were studied: and their
thermal stability in the presence of,aerospace structural materials and
their corrosive effects on these materials were studied. Several metals
commonly used as materials of construction by the aircratt and missile
industry were exposed to propellants 113 and 114B2. Samples of 75A
titanium, Ti-6A1-4V, 17-7 PH, oluminum alloy 6061, and AISI 4130 were
exposed ot 80° F in the vapor and liquid phase and ot the interface
of the liquids. The compounds were used both as-received and with
0.1 percent water added as a contaminant. The corrosion data indicate
that stainless steels and titanium can be used with these propeilants at
80° F, even when contaminated with water, with almost no attack. At
elevated temperatures, the resistance of stainless steel would probably
remain good; the compatibility of titanium will require more investi-
gation. Mild or low alloy steels are satisfactory in dry propellants, but
moisture causes rusting that is especially severe in propellant 11482, Low
alloy steels can be used at low temperatures, but they cause some cata-
lytic decomposition of the propellants. Aluminum can be pitted when
used with these propellants, if contamination by water is possible. The
swelling characteristics for several plastics and elastomers in propel-
lant 113 were measured. Propellant 113 coused o maximum increase in
length at room temperature of 3 percent for Neoprene, type GN;
0.5 percent for Buna N; 17 percent for rubber; and 8.5 percent for GR-S.
Observations suggest little or no impact sensitivity for titanium and
other materials in these propellants. (M.P.G.)

N62-13775 National Aeronautics and Space Administration.
Marshall Space Flight Center, Huntsville, Ala.
GROUND FACILITY REQUIREMENTS FOR SUBCOOLING LIQUID
HYDROGEN.
W. E. Dempster and J. R. Olivier. Washington, NASA, July 1962.
22p. 7 refs.
(NASA TN D-1276) OTS: $0.75.

This report shows that it is practical and economical to sub-

cool liquid hydrogen (S-LH,) by the reduced pressure boiloff

method using a cold vacuum pump. The relationship between the
transfer rate of S-LH, and the temperature rise of the liquid. has
been determined. The relationship between tanker heat leak ond
temperature rise of the liquid has been determined. The effort in
keeping the liquid in o subcooled state can be varied according to
the onticipated orbital storage time. The necessary GSE required
to initially subcool, transfer, and maintain the liquid subcooled
state during standby on the launch pad is outlined. .
{Author Abstract)

N62-14047 Gottingen U. Inst. of Physical Chemistry (W. Germany).
INVESTIGATION OF GASEOUS DETONATIONS AND SHOCK
WAVE EXPERIMENTS WITH HYDRAZINE. ([Technical Documen-
tary Report, 1 Oct. 1959-30 Sept. 1960.]

W. Jost. Wright-Patterson AFB, Ohio Aeronautical Research labs.,
Apr. 1962, 84p. 24 refs.

(Contract AF 61(514)-1142)

(ARL 62-330)

The implications of the “Chapman-jouguet’’ condition are dis-
cussed and examined experimentally. Furthermore, investigations of
the shape of a detonation front and its dependence on the reaction
are reported. Experiments were made to demonstrate the influence ot
turbulence in the unignited gas and of obstacles to the gas Hlow upon
the initiation time and distance for the development of a detonation.
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The detonability of pure hydrazine was checked. The decomposition
of hydrozine, diluted with inert gas, in reflected shock waves ot
extremely low oxygen concentration was observed to occur with an
apparent energy of activation of about 43 kcal/mole (total reaction
pressure ca. 7.2 atm; hydrazine density 23.107°% mole/cm’).

(Author Abstroct)

N62-14067 Nationdl Aeronautics and Space Administration.
Llewis Research Center, Cleveland, Ohio.

IGNITION OF A HYDROGEN-OXYGEN ROCKET ENGINE BY
ADDITION OF FLUORINE TQ THE OXIDANT.

R. Jomes Rollbuhler and David M. Straight. Washington, NASA,
July 1962.  22p.  10rets.

(NASA TN D-1309) OTS: $0.75.

Ignition delay of the propellant combination cold hydrogen gas
and an oxidant mixture of liquid oxygen and liquid fluorine was
determined as a function of the fluorine concentration in the oxidant,
the injector type, ond the percentage of hydrogen in the total
propellant flow. It was found that at least 50 percent of the oxidant
had to be fluorine to obtain hypergolic ignition delays of less than
1 sec with a shower-head injector, whereas o swirl-cup injector re-
quired only 35 percent fluorine concentrations to obtain the same
results. The fuel-injection temperature and fuel-oxidant ratio had only
slight etfect on the hypergolic ignition characteristics.

(Author Abstract)

N62-14300 Aerospace Information Div., Washington, D.C.

HEAT STABILITY OF PROPELLANTS: HYDRAZINE PERCHLORATE.
June 27, 1962. 2 p. Review of: A. A. Shidlovskiy, V. |. Semishin,
and L. F. Sh Thermal decomposition and combustion of hydra-
zine perchlorate. Zhur. Priklad. Khim., v. 35, no. 4, Apr. 1962.
p. 756-759.

(AID-62-90) OTS: $1.10 ph, $0.80 mf.

This paper presents data on hydrazine perchlorate, including
thermal stability, impact stability, and combustion rates. The combus-
fion rates were obtained at room temperature and in the presence of
one of the following catalysts: MnO2, CoO, or Cull:. Combustion
without a catalyst was achieved by mixing hydrazine perchlorate (30
to 60 percent) with NH.CIO« . (R.CM)

N62-14674 Explosives Research Lab., Bureau of Mines, Pittsburgh,
Pa.

STUDIES ON DEFLAGRATION TO DETONATION IN PROPEL-
LANTS AND EXPLOSIVES. Jan. 1, 1959 to Dec. 31, 1961,
F. C. Gibson, C. R. Summers, F. H. Scott. July 16, 1962. 48 p.
14 refs.

ARPA Order Nos. 44-59 and 44-61)

(Summary Report 3863)

This report summarizes studies on propellonts and explosives to
evaluate mechanisms involved in the initiation and growth of detona-
fion in systems that are copable of ropid exothermal decomposition.
Both optical and electronic instr tation are employed fo investi-
gate these mechanisms in solid propellants (composite-inert binder
ond double-base) and explosives (liquid and solid systems). The
results are shown in oscillograms and Rapatronic comoro photo-

graphs and indicate that deflagration to detonati are
related to the physical characteristics of the exploswe or propellont
bed. (R.C.M.)

N62-14720 National Asronautics and Space Administration.
Marshall Space Flight Center, Huntsville, Ala.
NUCLEAR RADIATION TRANSFER AND HEAT DEPOSITION
RATES IN LIQUID HYDROGEN.
M. O. Burrell. Washingfon, NASA, Aug. 1962. 97 p. 8 refs.
(NASATN D-1115) OTS: $2.25.

Stochastic methods are used to calculate the radiation trans-
port and evergy deposition of neutrons and gamma rays in liquid
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hydrogen slabs and cylinders. The sources are treated as mono-
energetic, and either point isotropic for the cylinder, or plane paral-
lel rays for the slabs. A description of the methods used and a rather
extensive compilation of results are given. The results include heat
rate deposition os a function of depth, albedo factors, slow neutron
spatial distributions, and transmitted angular distributions of g

rays. (Author Abstract)

N62-15264 Argonne National Lab., II\.

POSSIBLE IMPLICATIONS OF THE DAMAGE BY RADIATION IN
THE STORAGE OF PROPELLANTS IN OUTER SPACE AND TENTA-
TIVE METHODS FOR ITS MEASUREMENT.

J. A. McMillan. July 1962. 19p. 11 refs.

(Contract W-31-109-eng-38)

(ANL-6585)

The damage by radiation that can be expected during the
storage of hydrogen-bonded propellants in outer space is analyzed
in terms of the available data on radiation levels. On this basis, the
alternatives of storing the propellants as liquids or as solids, at fow
temperature, are discussed, and account is taken of recent results on
their thermal behavior. Vitreous states of aggregation of compounds
that could crystallize spontaneously after long periods of irradiation
are shown to present some hazards that can be prevented. General
considerations of radiation-damage detection in outer space are
also made. Paramagnetic resonance is found to be of little use in
view of the relatively low-dose levels. Solid-state devices are
recommended. (Author Abstract)

N62-15396 General Dynamics/Astronautics, San Diego, Calif.
HEATING OF LIQUID HYDROGEN FROM NUCLEAR RADIATION.
Wilma G. Thompson and Carl G. Johnson.  [1961?] 23 p. 2 refs.
This paper presents relatively simple methods by which upper
and lower bounds of temperature increase in liquid hydrogen pro-
pellant can be calculated. The results show that the maximum tem-
perature increase at either the top or the bottom of the tank is

obtained for the limiting case of complete instantaneous mixing.
(Author Abstract)

N62-15693 Deutsche Forschungsonstalt fur Luft- und Raumfahrt.
Inst. fur Strahltriebwerke, Brunswick (W. Germany).

DER ABBRANDMECHANISMUS FESTER RAKETENTREIBSTOFFE
AUF AMMONIUMPERCHLORAT-BASIS. TEIL I: UBERSICHT
UBER DIE LITERATUR UND ERGEBNISSE DER VORUNTER-
SUCHUNGEN. [THE BURNING MECHANISM OF SOLID ROCKET-
PROPELLANTS ON AN AMMONIUM PERCHLORATE BASIS.

PART I: SURVEY OF THE LITERATURE AND RESULTS OF PRE-
LIMINARY INVESTIGATIONS].

H. Selzer. 1961. 58p. 38refs. In German.

(DFL-126)

Theories on the combustion mechanisms of solid rocket propel-
lants based on ammonium perchlorate are briefly reviewed. These
are: the granular diffusion theory of Summerfield, the heat layer
mechanism according to Chaiken, and the theoretical statements of
Penner, Nachbor and Spalding. The experimental results themselves
do not permit a critical evaluation of the validity of individual theories.
Photographic investigations of propellant combustion at atmospheric
pressure are described. Results were as follows: (1) The temperature
of the perchlorate crystals is higher than that of the propellant par-
ticles (agreeing with the two-temperature postulate of Schultz and
Dekker). (2) The perchlorate crystals vaporize directly from the fluid
phase (agreeing with Sutherland). (3) The propellant surface pos-
sesses three distinct temperature ranges close to one another; that is,
there may be a minimum of two combustion mechoanisms. (4) The de-
composition of the propellant appears to occur in layers. The layer
thickness is approximately 150 microns, the characteristic time is ap-
proximately 40 msec. (5) Upon combustion, vigorous gas jets are pro-
duced and solid propellant particles are driven out. (A.S.)

N62-15897 Space-General Corp., El Monte, Calif.
RELIABILITY ANALYSIS OF HYBRID PROPULSION SYSTEM.
W.H. Moffat. Nov. 1961. 21 p. 4 refs.

(Report 2154)

This report covers the inherent design reliability analysis and
the predicted reliability growth of o hybrid rocket engine design.
This design makes use of a solid aluminum polyurethane fuel and a
liquid oxidizer. The estimated reliability for this type of engine
is 98.2%, reached after 26 months of development testing. The
predicted reliability growth is from 57% to 98.2% over o program of
1300 test runs. The ultimate estimated reliability, or the asymptotic
valve of the growth curve, is 99.2%. (Author Abstract)

N62-16039 National Aeronautics and Space Administration, Lewis
Research Center, Cleveland, Ohio.
HEAT-TRANSFER AND DRAG COEFFICIENTS FOR ETHANOL
DROPS IN A ROCKET CHAMBER BURNING ETHANOL AND
LIQUID OXYGEN.
Robert D. Ingebo.  Repr. from Eighth Symposium (International) on
Combustion, 1962. p. 1104-1113, 9 refs. :
An ultra-high-speed camera is used to obtain both drop velocity
and drop-size data for burning ethanol sprays in a rocket combustibn
chamber. Also, combustion-gas velocities inside the rocket chamber
were determined for streak-type photographs of the flame. Heat-
transter coefficients for burning sprays as based upon the area-
median drop diameter agreed with those obtained for nonburning
drops vaporizing in airstreams. In a similar comparison, drag coef-
ficients were opproximately 40% greater for combustion conditions
which were at static pressures of approximately 62 times those for
the nonburning case. By including the dimensionless group gl/c™?, a
correlation of drag coefficients with Reynolds number was obtained
for burning and nonburning conditions. In a rocket combustor, vapor-
ization rates are very high and sensible heat gained by the vapor dif-
fusing out of the film surrounding the drop is large compared with the
latent and sensible heat gained by the liquid drop. Similarly, drag-
coefficient data showed that the momentum transferred to the diffus-
ing vapor was of the same order of magnitude as that transferred to
the liquid drop. Thus, high mass-transfer rates reduce the rate at
which heat and momentum reach the drop surface. (J.R.C)

N62-16121 Rocketdyne, Canoga Park, Calif.

RESEARCH IN HYBRID COMBUSTION. Quarterly Report for
Period Ending 30 May 1962.

M. V. Peck oand T. Houser. June 30, 1962. 33p. 7 refs.

(Contract Nonr-3016(00))

(R-2267-7)

The equations derived from the simplified hybrid combustion
theory based upon a diffusion flame model are applicable to turbu-
lent gaseous flow upon proper definition of the parameters. The
well-defined flame front is substantiated by movies taken at the
end of the combustor. The complementary approach of examination

of the solid phase heat conduction is being explored.
(Author Abstract)

N62-16271 Aerospace information Div., Washington, D.C.
COMBUSTION OF PROPELLANTS: AMMONIUM PERCHLORATE.
Sept. 19, 1962. 2 p. Review of: L. D. Romodanova and V. I
Roshchupkin.  On the combustion of ammonium perchlorate.  Zhur.
Fiz. Khim. (Moscow), v. 36, no. 7, July 1962. p. 1554-1555.
(AID-62-139) OTS: $1.10 mf, $0.80 mf.

Data on the combustion of ammonium perchlorate (AP) propel-
lant are given, relating pressure limit with grain size (size varied from
3 to 3000x), and relating combustion speed with pressure. A moisture
content of 0.1 to 0.7% did not affect the lower pressure limit for AP
combustion, but a moisture content exceeding 2% prevented com-
bustion in the pressure range studied (0 to 150 kg/cm?). The lower
pressure limit was found to decrease with increasing charge density.




At constant density, the lower pressure limit was found to be inversely
proportional to the grain size; the lower pressure fimit also decreased
inversely with sample diameter. The combustion speeds of various
grain size fractions of AP powders at all pressures up to 150 kg/cm’
were dissimilar, but each fraction approached a constant combustion
speed. (MPG)

N62-16655 Ohio State U. Research Foundation, Columbus.
STUDY OF INFRARED EMISSION FROM FLAMES. Final Report,
Part it

Ely E. Bell, Phillips B. Burnside, Frederick P. Dickey, Stanley L.
Kopczynski, and Robert F. Rowntree.  Sept. 1956. 47 p. 2 refs.
{Contract AF 30(602)-1047)

(RADC-TR-57-51)

The infrared emissions from flames and hot gases were studied
because these infrared sources are approximately monochromatic.
In particular, the effect of noncombustible additives to flames, the
radiance of hot gases independent of o combustion process, and the
radiance of flames produced by a flat flome burner were examined.
The effective emissivity is measured by a spectrometer which views
first a source of continuous radiation and then a flame source inter-
posed between the continuous source and the monochromator. A
revolving slot chopper operates between the source and the flame so
that only the radiation transmitted by the flame is detected. The
two measurements are combined to give the absorptivity, and hence
the emissivity, of the flome. The atmospheric transmissivity is deter-
mined by viewing the source of confinuous radiation over the desired
speciral range. The slit width is fixed for all measurements at a partic-
ular wavelength. Therefore, when the flame replaces the continuous
source so that all path lengths are the some. Flame radiance meas-
urements are reported for the CO - O: flame, the CH« - NO: - N2
flame, and the COS - Air - O: flame; equivalent black body curves
are plotted. Incombustible additives were added to the flames to
determine the emission spectra of the additives excited by the com-
bustion of the fuel and the oxidant. Sulfur hexafluoride, Freon 13,
and boron trifluoride were examined as flame additives. The emis-
sivity of carbon monoxide, methane and sulfur hexafluoride as hot
gases was measured. (M.P.G.)

N62-16669 Bell Aerosystems Co., Butfalo, N.Y.

TITAN Wl STORABLE PROPELLANT HANDBOOK. Final Hand-
book, Revision A.

Ralph R. Liberto. Mar. 1962. 188 p. 62 refs.

(Contract AF 04(694)-72)

(Report 8182-933004; AFBSD-TR-62-2)

Summarized are the physical properties, materials compatibil-
ity, handling techniques, flammability and explosivity hazards, and
procedures for storing, cleaning, and flushing of the Titan Il propel-
lants, N2 O« as the oxidizer ond a nominal 50/50 blend of UDMH
and N:z Hs as the fuel. The dota presented was derived both from a
literature survey and from a test program conducted at Bell Aero-
systems Company and at the U. S. Bureau of Mines. (Author Abstract)

N62-16968 Reaction Motors Div., Thiokol Chemical Corp., Denville,
NJ.

INORGANIC CHEMISTRY OF THE OXYGEN SUBFLUORIDES.
First Quarterly Progress Report, 15 Apr.-15 July 1962,

T. Hirata, S. Morrow, and A. Young. Aug. 15, 1962. 22 p. 9 refs.
(Contract NOnr-3824(00); ARPA Order 314-62)

(RMD-5009-Q1)

The ability of Oz F: to form low temperature purple solids with
chlorine and a variety of other reagents, most of which contain
chlorine, has been chosen as the initial area of investigation of the
inorganic chemistry of the oxygen subfluorides. The reactions of
several non-chlorine-containing reagents with O:F: were examined
qualitatively in an effort to confirm a hypothesis that the purple
compounds are conventional coordination complexes in which Oz F2
acts as a donor or base. On the basis of the data presently avaifable,

NG62

it appears doubtful that O: F: acts as o Lewis base in the formation
of the observed low temperature purple solids. The following reagents
reacted with O:2F: without yielding purple solid intermediates:
H: O, HBr, CS;, and SO:. Reagents which failed to react with O:F:
were: AlFs, TifF,, and WFs. Purple solids were obtained with SiOls,
TiCls, and AlCls-6H: O. Two examples of purple solid formation need
further confirmation; namely, the reactions of NaCl and of cis-N2 F2
with Oz F2. (Author Abstract)

N62-17105 Monsanto Research Corp., Dayton, Ohio

A RESEARCH PROGRAM FOR UNDERSTANDING THE
MECHANISM OF FLAME INHIBITION (Final Report, Dec. 1,
1960 — Nov. 30, 1961]

G. B. Skinner, D. R. Miller, J. E. Katon and W. H. Hedley Wright-
Patterson AFB, Ohio, Flight Accessories Lab., Mar. 1962 99 p
11 refs

{Contract No AF 33(616)-7757)

(ASD-TR-61-717)

The effects of inhibitors on the hydrogen-air reaction were
studied by measuring flame speeds of hydrogen-air-inhibitor mixtures,
and via spectroscopic and shock-tube techniques. The best inhibitors
were hydrocarbons as o group, several metallic chlorides, 1,2-di-
bromotetrafluoroethane, and iron carbonyl. Tentative explanations
for the effectiveness of these inhibitors have been advanced, based on
the experimental results and background information from the
literature. Screening experiments so far have turned up no inhibitors
for the spontaneous ignition of hydrazine in nitrogen tetroxide. The
products of the nonflame reaction between hydrazine and dilute
nitrogen tetroxide-air mixtures were identified as ammonium nitrate
and nitrous oxide, while NH,, NH and OH free raodicals were
observed spectroscopically in the hydrazine-nitrogen tetroxide dif-
fusion flame. Author

N62-17108 Explosives Research Lab., Bureau of Mines, Pittsburgh,
Pa.

EVALUATION OF RADIANT HEAT FLUX AND TOXICITY IN
DYNA-SOAR-TITAN 1 DESTRUCT TESTS

Frank C. Gibson, John M. Murphy, and David Burgess Wright-
Patterson AFB, Ohio, Dyna-Soar System Progrom Office, May 1962
35p 7rets

(ASD-TDR-62-221)

The report deals with activities of the Bureau of Mines in co-
operation with two destruction fests of scale models of the Titan Il
fuel tankage systems. Total quantities of propellant involved were
14,000 pounds for one test, and 32,000 pounds for the other, of the
Aerozine-N:2 O« combination used in this booster. The work was
restricted to providing information on three specific questions: (1) the
completeness of reaction on putting together the hypergolic propel-
lont combination; (2) the radiant heat flux from the reaction zone;
and (3) the quantity and distribution of toxic vapors. It is estimated
that reaction was about 20 percent completed within a period of 5 to
7 seconds. Additional reaction ensued on the test pad and all residual
fuel was consumed by burning in air. About half of the oxidant was
dispersed unreacted and largely carried upward in the thermal
column resulting from the explosion. The peak radiation levels from
the explosions were about 10° watts. Avuthor

N62-17256 Little (Arthur D.) Inc., Cambridge, Mass.
ELECTROSTATIC HAZARDS ASSOCIATED WITH THE TRANSFER
AND STORAGE OF LIQUID HYDROGEN Final Report to NASA.
Marshall Space Flight Center, Huntsville, Ala.
Moy 15,1961 83p 13 refs
(Contract AF 18(600)-1687)
(C-61092)

An experimental investigation has been conducted to evaluate
the potential hazards from static charges generated in well-grounded
liquid hydrogen storage and transfer equipment. The results of the
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field tests carried out in this program established that, in typical
transfer operations, significant electrostatic charges are gen-
erated—particularly during periods of two-phase flow. The magni-
tude of the charges measured, however, was not great enough to
cause spontaneous ignition. The data suggest that the transfer of
larger quantities as carried out at some producing and using facilities
should be investigated to determine whether more critical conditions
do occur. The investigation of the electrical characteristics of liquid
hydrogen has shown that the maximum value of the electrical con-
ductivity of liquid hydrogen does not exceed 107 ohm™ ¢m™' —a value
much lower, than has been reported previously. The very low valve
of conductivity demonstrates that electrostatic charges generated
during hydrogen transfer operations would persist for long periods
of time. Author

N62-17364  Air Products and Chemicals, Inc., Allentown, Pa.
THERMODYNAMIC DATA ON OXYGEN AND NITROGEN
[Final Report, May-Sept. 1961]

Jerome Brewer Wright-Patterson AFB, Ohio, Directorate of Mate-
rials and Processes, Sept. 1961  162p 239 refs

(Contract AF 33(616)-8287)

(ASD-TDR-61-625)

The following data, which were compiled trom published liter-
ature, are presented graphically as a function of temperature and
pressure: viscosity of nitrogen, viscosity of oxygen, viscosity of air,
viscosity of saturated liquid (oxygen, nitrogen, and mixtures); vapor-
liquid equilibrium ratios: oxygen-nitrogen system; dew points: oxygen-
nitrogen system; bubble points: oxygen-nitrogen system, thermal con-
ductivity of nitrogen, thermal conductivity of oxygen, thermal
conductivity of saturated liquefied nitrogen and oxygen, density of
oxygen, density of nitrogen, Prandtl number of nitrogen, and Prandtl
number of oxygen. For each of the properties a discussion of their
critical evaluation was made. A complete bibliography of the sources
used for each property is given as well as a master bibliography
which includes all sources consulted or related to the subject.

Author

N62-17768 Tokyo U. Aeronautical Research Inst. (Japan)

SOME STUDIES ON SOLID PROPELLANTS. PART I. KINETICS
OF THERMAL DECOMPOSITION OF AMMONIUM PERCHLORATE
Kenji Kuratani  July 1962 27 p 13 refs

(Its Rept. 372 (Vol. 28, No. 4))

The catalytic effects of the various catalysts on the thermal
decomposition rate of ammonium perchlorate are studied. The mild
decomposition kinetics of the pure AP (ammonium perchlorate) and of
the AP containing 1 percent of CuzO and MnO;, respectively, are
represented with appropriate kinetics formulae; from these equations
the critical temperatures where reaction transfers from mild decom-
position to explosion are calculated, and their results are compared
with the observed values. For the other catalysts, critical temperatures
are observed as the measures to represent the catalytic effect of these
catalysts. Author

N62-17928 Office of the Director of Defense Research and Engi-
neering, Washington, D.C.
THE HANDLING AND STORAGE OF LIQUID PROPELLANTS
Mar. 1961 224 p refs Prepared by a Work Group of the Advisory
Panel on Fuels and Lubricants
GPO: §1.25

This manual is intended to replace the earlier edition of October
1958, “lLiquid Propellant Safety Manual,” ond supplements of
January 1960. Avthor

N62-17995 Astropower, Inc., Newport Beach, Calif.
COMPATIBILITY OF STRUCTURAL MATERIALS WITH HIGH PER-
FORMANCE O-F LIQUID OXIDIZERS Quarterly Progress Report
for Period 15 June 1o 15 Sept., 1962

N. A. Tiner and W. D.English 1962 29p 22 refs

(Contract AF 33(657)-9162)
(Rept. 112-Q1)

An investigation is made of the compotibility of a variety of
structural materials with several high performance O-F liquid oxi-
dizers. The oxidizers to be used include fluorine oxide (OF: ), a 0.05%
solution of ozone fluoride (OsF: ) in liquid oxygen, and a mixture of
50% tetrafluorohydrazine (N:F.)-50% perchlory! fluoride (FCIO;).
The program consists of four phases: (1) a literature survey, (2) pre-
liminary compatibility tests ‘with liquid and gaseous phases of the
oxidizers, (3) development of passivation procedures to improve cor-
rosion resistance, and (4) evaluation of long exposure times, welding,
ond stresses on corrosion. The literature survey has been completed,
a laboratory for corrosion testing with hozardous oxidizers has been
built, and oll oxidizers and most of the structural materials to be
tested have been received. Apparatus needed for the tests is being
constructed. Author

1963

N63-10090 National Cash Register Co.  Fundamental Research
Dept., Dayton, Ohio

A STUDY OF THE ENCAPSULATION APPLICABLE TO LIQUID
ROCKET FUEL Interim Report No. 4, 1 July 1961 to 30 June
1962

Paul Y. Hsieh July 1962 54p rets

(Contract Nonr-2848(00))

Interfacial polymerization is studied as a promising opproach
to the problem of encasing a liquid within o polymer wall. Some
polymers were prepared by interfacial polymerization under
conditions which could be directly tronslated or extrapolated to
actual encapsulation processes. The polymerization must occur under
mild conditions and proceed with reasonable reaction rates. The
resulting polymer wall must be able to protect the internal phase
and to exclude moisture. The polymers formed by interfacial polymer-
ization do not exclude moisture well. However, it is considered
possible to overcome this disadvantage by post treatment of polymers
by crosslinking. The prime requirement that a polymer must fulfill
is that it be compatible with the internal phase. To this objective,
the compatibility of hydrozine with various commercial polymers was
studied. JR.C.

N63-10149 Atlantic Research Corp., Alexandria, Va.

A PROGRAM TO ADVANCE THE TECHNOLOGY OF FIRE
EXTINGUISHMENT [Interim Report, Apr. 1961-Mar. 1962]
M. Markels, Jr., R. Friedman, O. Fry, A. Macek, E. DuZubay, and
R. Eichbauver Wright-Patterson AFB, Ohio, Directorate of Aero-
mechanics, Sept. 1962 73 p 27 refs

(Contract AF 33(616)-8110)

(ASD-TDR-62-526)

Extinguishing agents for fires of liquid hydrogen in dewars
and controlled spills, and detonation suppressants for mixtures of
hydrogen and oxygen gases were evaluated. Both spill and dewar
fires were most effectively extinguished by first applying a mechan-
ical foam followed by potassium bicarbonate powder. Foam by
itself decreased the intensity (burning rate) but extinguished neither
type of fire. Water fog, steam, sodium bicarbonate, ABC powder,
bromotrifluoromethane, and nitrogen were found ineHective as
extinguishing agents. Ten additives were evaluated as suppressants.
Carbon tetrachloride acted as a sensitizer for the detonation.
Methane or methyl chloride inhibited the detonation, but iron penta-
carbonyl was the best suppressant evaluated. Author




N63-10171  Stanford Research inst., Menlo Park, Calif.
VAPOR PRESSURE OF AMMONIUM PERCHLORATE
S. Henry Inami, Willis A. Rosser, and Henry Wise
18 refs

(Supported by the Office of Naval Research)

The equilibrium vapor pressure of ammonium perchlorate has
been measured in the temperature range of 520" to 620" K by the
transpiration method. The dota indicate that ammonium perchlorate
sublimes by the dissociation process NH«CIOy,) = NHyg) = HClOyg).
The heat of dissociation has been found to be 58 + 2 kcal/mole in
the cited temperature range. Author

[1962] 13 p

N63-10627 National Aeronautics and Space Administration.
Lewis Research Center, Cleveland, Ohio
EFFECT OF COMPOSITION ON COMBUSTION OF SOLID PRO-
PELLANTS DURING A RAPID PRESSURE DECREASE
Carl C. Ciepluch Washington, NASA, Dec. 1962 14p 8refs
(NASA TN D-1559) OTS: $0.50

The response of solid-propellant combustion to a pressure tran-
sient was studied in an apparatus that could be vented at a variable
rate. The principal measurement was the time required for the pres-
sure to decrease to one-half its initial volue. The data are presented
and discussed in terms of 7, the maximum value of the time required
to extinguish combustion. The results indicate that the ease with which
solid-propellant combustion may be extinguished is strongly de-
pendent on physical factors such as the average size and the thermal
conductivity of solid particles contained in the propellant. Analysis of
the results suggested that hot-particle retention at the surface of the
propellant was a major cause of the continuance of combustion in a
rapidly decreasing pressure field. An examination of the data olso
indicated no correlation between T and the propellant-strand burning
rate. Author

N63-10766 Tokyo U. Aeronautical Research Inst. (Japan)
SOME STUDIES ON SOLID PROPELLANTS. PART il. BURN-
ING RATE OF THE PERCHLORATE-POLYESTER (CASTABLE)
PROPELLANTS

Kenji Kuratani  Sept. 1962 15p 4 refs

(Its Rept. 373 (Vol. 28, No. 5))

To find out the correlation between the burning rate of propel-
lant and the thermal decomposition rate of ammonium perchlorate,
the burning rates of propellonts composed of ammonium perchlorote
(AP) and polyester are measured at one atmosphere. The experimen-
tal procedures are defined precisely to obtain the reproducible
result. Between the effects of various catalysts on the burning rate of
propellant and on the pyrolysis rate of AP, there is no appreciable
correiation. Moreover, the poor correlation between the burning
rate and combustion temperature of propellant is also found. The
burning rate up to the higher pressure region is also measured by
Crawford method. Author

N63-10993  Monsanto Research Corp.
Mass.

RESEARCH ON SYNTHESIS OF NEW OXIDIZERS FOR SOLID PRO-
PELLANTS Quarterly Technical Summary Report No. 1, July 1,
1962—Sept. 30, 1962

James W. Dale, Henry P. Beltramini, Carl A. Olson, Stephen P. Terpko,
and George A. Tsigdinos Dec. 10,1962 11p 6refs

(Contract AF 04(611)-8520; ARPA Order 352-62)

(MRB2022Q1)

The objectives of this research are (a) the study, by conducti-
metric means, of metathetic reactions of compounds involving the ions
C1Fz * and CIF.  in various inert solvents such as C1Fa, HF, OF:,
etc.; and (b) the study of various energetic oxidizing compounds such
as NFi, CINQs, FC10a, etc., with liquid OF: and further examino-
tion of the behavior of selected combinations of these agents in liquid
OF: as a solvent, where feasible. Author

Boston labs., Everett,

N63-11133  Army Chemical Center, Edgewood, Md.
MODIFIED TYPE A-1B8 UDMH & HYDRAZINE SERVICING
TRAILER. VOLUME |: OPERATION AND SERVICE INSTRUC-
TIONS; VOLUME II: PARTS BREAKDOWN; VOLUME 1ll: OVER-
HAUL INSTRUCTIONS  [Final Report]
Edwards AFB, Calif., 6593 Test Group (Development), Nov. 1962
206p In3vols.
(Contract AF MIPR (33-616)60-20)
(SSD-TDR-62-176)

Detailed information is given contoining parts nomenclature,
material and operating specifications, plus the proper sequence for
replacing parts. Author

N63-11329 Martin Co., Denver, Colo.
CRYOGENIC PROPELLANT STRATIFICATION ANALYSIS AND
TEST DATA CORRELATION
Thomas B. Jefferson (Arkansas U.), Thomas Bailey, Richard Vande-
Koppel, and Gary Skartvedt [1962] 29p 2refs

An analytical model for prediction of temperature stratification
in liquids is developed. This analysis permits the rocket designer to
calculate liquid-propellant temperature and vapor-pressure histories
during flight. The method is based on integration of the internal free-
convection boundary layer along the portion of the tank wall exposed
to aercheating. Data are presented which show that the analysis suc-
cesstully predicts the degree of temperature stratification measured in
ground and flight tests with liquid oxygen ond liquid nitrogen.

Author

N63-11416 National Aeronautics and Space Administration. Lewis
Research Center, Cleveland, Ohio
PREPARATION AND STORAGE STABILITY OF HIGH-PURITY
HYDRAZINE
Harold W. Lucien Repr. from J. Chem. Eng. Data, v. 7, no. 4, Oct.
1962 p 541-542 9 refs

Several procedures for concentrating oqueous solutions of
hydrazine and for obtaining the anhydrous product have been
described. To avoid certain hazards, low yields, and time-consuming
aspects of most of these methods, a new procedure was adopted in
which o commercial grade of anhydrous hydrazine was treated with
calcium hydride in an inert atmosphere. Calcium hydride has been
previously used to dry alkyl hydrazines. The method used in this work
was relatively simple and did not require heating or refluxing of the
hydrazine. The purity and stability of hydrazine obtained by the
calcium hydride method were similar to the respective values found
for hydrazine derived from the ammonolysis of hydrazine sulfate.

Author

N63-11616 National Aeronautics and Space Administration. Lewis
Research Center, Cleveland, Ohio
RELATIVE IGNITABILITY OF TYPICAL SOLID PROPELLANTS WITH
CHLORINE TRIFLUORIDE
Harrison Allen, Jr., and Murray L. Pinns
1963 24p 2refs
(NASA TN D-1533) OTS: $0.75
Ignition delays were measured after exposing samples of solid
propellants and their components to the hypergolic fluid, chlorine
trifluoride (CIFs), in both the liquid and the gas phases. A comparison
of these ignition-delay data serves as a measure of the relative
reactivity of these propellant compositions with CIF.. The gas-phase
studies showed that the ignition delay varied exponentially with CiFs
pressure and approached a limit of less than 50 ‘milliseconds at 14
pounds per square inch absolute, the maximum pressure permitted by
the experimental opparatus. The gas-phase studies also revealed that
the reactivity of the propellant formulation was greatly atfected by
changes in concentrations of the dispersed solid components (ammo-
nium perchlorate and cluminum) of the propellant. After reaching a
minimum point, the ignition delay of the propellant increased with
an increase in the concentration of the ammonium perchlorate com-
ponent; with an increase in the concentration of the acluminum

Washington, NASA, Jan.
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component, the ignition delay was decreased. All the propellant
formulations were extremely reactive with liquid CIFs and had igni-
tion delays of less than 3 milliseconds. Author

N63-11736 Hynes Chemical Research Corp., Durham, N.C.
FUNDAMENTAL RESEARCH ON THE DIRECT FLUORINATION
OF ORGANIC COMPOUNDS. SECTION A Quarterly Technical
Report No. 1, September 1, 1962-November 30, 1962

lucius A. Bigelow, John B. Hynes, Abe F. Maxwell, and Brian C.
Bishop [1962] 15p 7rets

(ARPA Order 40-62, Amend. 21)

The mild, direct fluorination of chlorodifluoroacetonitrile has
been studied and shown to yield two interesting new compounds,
CCIF: CF2 NF2 and CCIF2 CF=NF. The formation of the latter sug-
gested that other halogenated nitriles could also be partially fluori-
nated under carefully controlled conditions. Accordingly, the fluorina-
tion of trifluoroacetonitrile has been reexamined and found to yield
CFsCF=NF in fairly substantiol quantity for this type of reaction.
An alternate route to unsaturated, highly fluorinated carbon-nitrogen
systems, namely the pyrolytic defluorination of perfluorinated com-
pounds, has also been studied. Perfluoropiperidine yielded non-
afluoro-1-piperidine in 50% to 60% yield. The pyrolyses of CFaNF;,
CFsNF,CFoNF2, CFINFCiFy and (CFNF)s have also been examined,
the first of which provided a new method for preparing perfluoro-
methyleneimine, CF.= NF. Author

N63-11878 Atlantic Research Corp., Alexandria, Va.

HAZARDS OF LIQUID HYDROGEN IN RESEARCH AND DEVELOP-
MENT FACIITIES [Final] Technical Documentary Report
[May 1-Nov. 1, 1962]

Guenther von Elbe and Howard T. Scott, Jr.  Wright-Patterson AFB,
Ohio, Directorate of Aeromechanics, Dec. 1962 81 p 27 refs
{Contract AF 33(657)-8952)

(ASD-TDR-62-1027)

The physical and chemical properties of hydrogen have been
summarized with emphasis on the relation of these properties to
combustion and detonation processes, and information has been
collected on experiences and practices in numerous facilities. Hazards
comprise the possibility of pressure rupture of containers, initiation
of flammable mixtures formed by release of hydrogen due to vessel
failure or other causes, and explosion of hydrogen and contaminating
oxygen under cryogenic conditions. It is shown that the theory of
chemical reaction provides a compiete understanding of the combus-
tion and detonation characteristics of hydrogen-oxygen systems and
defines the chemical and physical requirements for inhibition and
control of combustion and detonations. Experiences and practices in
research and development facilities have been reviewed, and subjects
warranting further investigation have been determined. Author

N63-12123 Rocketdyne, Canoga Park, Calif.

RESEARCH IN HYBRID COMBUSTION Quarterly Report for
Period Ending 31 August 1962

M. V. Peck, T. Houser, and H. N. Chu
(Contract Nonr-3016(00))

(R-2267-8)

The radius vs. time dato taken at two oxygen flow rates were
fitted by the empirical equationr = A + Bt. The instantaneous burn-
ing rate, r, is obtained by differentiation of this equation. The
thermocouple measurements were described by the pseudo-steady-
state heat conduction equation T = Tg exp (-bx/k). Author

Jan. 16,1963 32 p 8 refs

N63-12170 Monsanto Research Corp., Doyton, Ohio
MECHANISM AND CHEMICAL INHIBITION OF THE HYDRAZINE-
NITROGEN TETROXIDE REACTION  [Final Report, Aug. 1961-
Oct. 1962]

G. B. Skinner, W. H. Hedley, and A. D. Snyder Wright-Patterson
AFB, Ohio, Flight Accessories Lab., Dec. 1962 35p 21 refs

10

(Contracts AF 33(616)-7757 and AF 33(657)-7617)
(ASD-TDR-62-1041)

The mechanism of the hydrazine-nitrogen tetroxide reaction wos
investigated by examination of the variation in reaction products
and equilibrium reaction temperature with increasing reactant con-
centration when argon-diluted reactant streams were rapidly mixed in
a flow reactor. It is concluded that the reaction proceeds through
a thermal reaction mechanism rather than a chain-branched explosion
mechanism. An ignition test was devised to determine the effect of
candidate reaction inhibitors. No effective inhibitors were found
among 27 gaseous and 28 liquid additives tested. Thiophene, toluene,
trimethyl borate, ethyl bromide, and benzene produced some inhibi-
fion, but only at high concentrations. These results support the con-
clusions that a thermal mechanism is operative. Author

N63-12280 Warner & Swasey Co.  Control Instrument Div., N.Y.

INFRARED RADIATION AND TEMPERATURE MEASUREMENTS
IN SOLID PROPELLANT FLAMES. |. PRELIMINARY STUDY OF

ARCITE 368

Gunter J. Penzias, Eliot T. Liang, and Richaord H. Tourin  Oct. 1962
36p 8refs

(Contracts Nonr-3657(00) and ARPA Order 237-62; Proj. DEFENDER)
(TR-800-5)

Infrared radiation and temperature measurements have been
made of combustion gases evolved in the burning of Arcite 368,
a composite-type solid propellant. A combustion system and instry-
mentation were constructed which permitted measurements to be
made under controlled conditions. The spectral radiance, emissivity,
and temperature of the solid propellant flame were measured in
the 1.0u to 5.0u region, at several distances from the burning surface.
The chemical species observed were HCl, CO: and H: 0. These results
can be used to predict radiation of larger flames. Flame temperature
increased with the distance from the burning surface, reaching a
maximum equal to the adiabatic temperature at 0.8 mm. The indi-
cated reaction-zone thickness is in agreement with measurements
made by photographic techniques. Author

N63-12402 Tokyo U. Aeronautical Research Inst. (Japan)

SOME STUDIES ON SOUID PROPELLANTS. PART IlIl. ANA-
LYTICAL RESULTS OF THE COMBUSTION GASES

Kenji Kuratani  Sept. 1962 17 p 18 refs

(Its Rept. 374 (Vol. 28, No. 6))

The variations of the composition of combustion gases of ammo-
nium perchlorate (AP) with the addition of various catalysts are
studied in hopes of tinding good correlation to the burning rate of AP
propellant. The effects of the catalysts on the composition of gaseous
products of AP combustion are remarkable, and it is concluded that
catalysts which produce higher concentration of oxygen and lower
concentration of nitric oxide during the combustion of AP may
increase the burning rate of propellant. At the same time, some cata-
lysts are very effective in decreasing the mean molecular weight of
combustion products of AP. Similar analyses of the combustion prod-
ucts of AP composite propellants are also carried out, but the effect of
these catalysts is negligible, and little variation of gaseous composi-
tion by the addition of these catalysts is observed. Accordingly, the
catalytic effect on the decrease of mean molecular weight of the com-
bustion products of propellants is not remarkable. Theoretical calcu-
lations of specific impulse are presented as a reference to the experi-
mental studies. Author

N63-12425 Picatinny Arsenal. Liquid Rocket Propulsion Lab.,
Dover, N.J.

A CLOSED-LOOP HEAT TRANSFER TEST APPARATUS

Jay R. Grossman  Oct. 1962 19p 8refs

(Picatinny Arsenal Tech. Memo 1119)

The ability of a propellant to regeneratively cool is limited by
the volues of heat flux at the upper limit of nucleate boiling qul.
A closed-loop test apparatus to determine the heat transfer chorac-
teristics of high-energy monopropellants has been designed and




operated. Included are details of the flow circuit and calculations
used to determine heat flux volues. Verification of the system was
accomplished in two ways: (1) comparing fest data to a theoretical
standard and (2) comparing consistency of similar data. Test results
using white fuming nitric acid (WFNA) compare within 15 percent of
theoretical predicted by the Sieder and Tate equation for turbulent
flow through tubes, which is typical of forced convection nonboiling
heat transter measurements. Slopes and inception of nucleate boiling
for two different tests under similar conditions were identical. These
initial tests, using a high-energy monopropellant os the test fluid,
successfully demonstrated that the upper limit of nucleate boiling can
be attained. At burnout there were no detonations or explosions,
which demonstrates the adequacy of the system relative to safety pre-
cautions. Author

N63-12535 National Advisory Committee for Aeronautics.  Lewis
Flight Propulsion Lab., Cieveland, Ohio
AIRCRAFT-FUEL-TANK DESIGN FOR LIQUID HYDROGEN
T. W. Reynolds  Washington, NACA, Aug. 9, 1955 28 p 26 refs
(NACA RM E55F22) OTS: $2.60 ph, $1.04 mf  (Declassified)
Some of the considerations involved in the design of aircraft
fuel tanks for liquid hydrogen are discussed. Several of the physical
properties of metals and thermal insulators in the temperature range
from ambient to liquid-hydrogen temperatures are assembled. Cal-
culations based on these properties indicate that it is possible to build
a large-size liquid-hydrogen fuel tank which (1) will weigh less than
15 percent of the fuel weight, (2) will have a hydrogen vaporization
rote less than 30 percent of the cruise fuel-flow rate, and (3) can be
held in a standby condition and readied for flight in a short time.
Author

N63-12536 National Advisory Committee for Aeronautics.
Flight Propulsion Lab., Cleveland, Ohio
ROCKET ENGINE STARTING WITH MIXED OXIDES OF NITRO-
GEN AND LIQUID AMMONIA BY FLOW-LINE ADDITIVES
George R. Kinney, Jack C. Humphrey, and Glen Hennings Washing-
ton, NACA, Aug. 19,1953 32p 11 refs
(NACA RM E53F05) OTS: $3.60 ph, $1.16 mf (Declassified)
Starting characteristics of mixed oxides of nitrogen-ommonia
rocket engines were investigated with additives in the ammonia flow
line for ignition. The oxidant was 70 percent by weight N2O. and 30
percent NO. Starting with lithium as an odditive was satisfactory
over a wide range of conditions. A 1000-pound-thrust engine at
ambient temperature started under all conditions during a 25-run
series, including oxidant-fuel weight ratios from 0.6 to 14, oxidant
and fuel leads, and times to reach starting flows from 0.1 to 3
seconds. With propeliants and engine at -85° F, 200-pound-thrust
engines started at oxidant-fuel weight ratios from 1.1 to 4.4; oper-
ating flow and combustion pressure were reached in 0.25 second.
Weights of lithium in ammonia were of the order of 0.05 to 0.15
percent. in additional experiments ot -85°F, all of five attempts with
calcium resulted in satistactory starts; starting was unreliable in three
attempts with magnesium. Avuthor

Lewis

N63-12540 National Advisory Committee for Aeronautics.
Flight Propulsion Lab., Cleveland, Ohio
LOW-TEMPERATURE CHEMICAL STARTING OF A 200-POUND-
THRUST JP-4-NITRIC ACID ROCKET ENGINE USING A THREE-
FLUID PROPELLANT VALVE
Glen Hennings and Gerald Morrell
1955 25p 16refs
(NACA RM E55E04) OTS: $2.60 ph, $0.95 mé {Declassified)
Studies in a 200-pound-thrust rocket engine showed thot the
JP-4 nitric acid system could be started ot temperatures as low as
-65"10 -60°F with a hydrazine-water igniter fuel. A three-fluid con-
trol valve scheduled the transition from igniter fuel to JP-4. Limiting
igniter-fuel compositions tor starting at -60°F were 55 and 69 percent
hydrazine. When the same technique was used with an organophos-
phorous igniter fuel (RF 208) and with a blend of 70 percent triethyl-
amine and 30 percent o-toluidinc <tarts were obtained at -80° F.
Avthor

Lewis

Washington, NACA, June 30,

N63-12541  National Advisory Committee for Aeronautics.
Flight Propulsion Lab., Cleveland, Ohio
LUQUID HYDROGEN AS A JET FUEL FOR HIGH-ALTITUDE AIR-
CRAFT
Abe Silverstein and Eldon W. Hall
1955 57p 6refs
(NACA RM E55C280) OTS:  $5.60 ph, $1.91 mf  (Declassified)
The performance of hydrogen as a jet fuel was investigated for
the following missions: subsonic bomber, subsonic reconnaissance,
supersonic bomber, supersonic reconnaissance, and supersonic fighter.
Comparisons are made in some cases with configurations suitably
designed for the use of JP-4 fuel. The analysis showed that aircraft
designed for liquid-hydrogen fuel with ramjet and/or turbojet engines
may perform several imporant military missions that comparable
aircraft using conventional hydrocarbon fuel cannot accomplish.
M.P.G.

Lewis

Washington, NACA, Apr. 15,

N63-12640 National Aeronautics and Space Administration, Wash-
ington, D.C.
LUNAR LANDING PROPULSION CONSIDERATIONS
K.R. Stehling Feb. 1963 23 p 3 refs
(NASA TN D-1723) OTS: $0.75

The propellant must have high density impulse, low ignition lag,
and storability in space. The overall propulsion system must have
operational reliability, simplicity, low weight, and throttling capacity.
The four propellant combinations are rated in order of burnout
velocities: Fz2/N2Hs, F2 /H2, N20O2/N2Hs, and H:/O:2. The OF.-
diborane combination has interesting possibilities for further research.

Author

N63-12832 Aeronutronic, Newport Beach, Calif.

CHEMICAL CORROSION OF ROCKET LINER MATERIALS AND
PROPELLANT PERFORMANCE STUDIES. VOL. Ji. DETAWED
THEORETICAL PERFORMANCE OF SOME LIQUID PROPELLANT
SYSTEMS Second Quarterly Technical Summary Report

R. C. Oliver, S. E. Stephanou, R. J. Getz, D. Piper and R. W. Sprague
Jan. 20,1963 268p 10 refs

{Contract NOw-61-0905-c; ARPA Order 22-62)

(C-1960)

The theoretical performance of cz..awn binary liquid-propellant
systems under a wide variety of expansion conditions and mixture
ratios has been computed and results are presented in graphical
and tabular form. The graphs show vacuum specific impulse for
area ratios of 8, 20, and 50, sea level optimum specific impulse,
characteristic velocity, molecular weight and chamber temperature
as a function of mixture ratio, for both frozen and equilibrium
(shifting) expansion conditions, at chamber pressures of 300 ond
1000 psi. The tabular data are in the form of computer output sheets,
and give detailed performance and other data for all integral area
ratios from 1 to 50; values are also given at two larger area ratios,
the values depending on the system. Altitude effects are discussed,
and techniques described for computing ideal performance for any
of these mixtures ot any altitude; results are given for sea level,
10,000 feet and 50,000 feet and vacvum as a function of area ratio
for each mixture for zero divergence angle. The methods used in
carrying out the computations are described briefly, with reference
to more detailed descriptions. The latest thermodynamic data are
used, and a large number of minor species are considered for maxi-
mum precision. Author

N63-13071 Defense Metals Information Center, Battelle Memorial
Inst., Columbus, Ohio

REACTIVITY OF METALS WITH LIQUID AND GASEOUS OXYGEN
J. D. Jackson, W. K. Boyd, and P. D. Miller  Jan. 15, 1963

{Contract AF 33(616)-7747)

(DMIC-MEMO-163)

Of all the metals studied to date, titanium exhibits the greatest
sensitivity to impact when immersed in LOX. lts sensitivity approaches
that of many organic materials, such as greases and oils. Reactivity is
observed in liquid oxygen and mixtures of liquid oxygen and liquid
nitrogen at 20 ft-pounds until the LOX concentration is reduced to 30
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percent. Titanium can be partially protected from reactivity in LOX
under impact by certain protective coatings, provided the coatings
are not broken. Protection is given by electroless copper and nickel,
possibly aluminum, and to a lesser extent by Teflon and a fluoride-
phosphate coating. Protection is also obtained by nitriding, which
adds a protective film to the surface, and by annealing, which
increases the thickness of the oxide film. Titanium exhibits no greot
reactivity in LOX when deformed by compression, by exposure of a
fresh surface by machining or rupture, or by exposure of bulk fita-
nium to high-pressure or high-velocity LOX. In gaseous oxygen,
titanium is highly reactive when a freshly formed surface is exposed
at even moderate pressures. When a titanium vessel containing LOX
or gaseous oxygen is ruptured by a bullet, by a simulated micro-
meteoroid, or by other mechanical puncture, violent burning begins
at almost O psig. If the vessel is not fractured by external impoct,
vibration, acoustic energy, thermal effects, or with slowly propagated
cracks, such as fatigue cracks, no reactivity is noted. Of other metals
discussed, only zirconium shows similar reactions in oxygen. Stainless
steels are found to exhibit almost no reactivity in oxygen under
impact, rupture, explosive shock, or heoting. Aluminum is similarly
unreactive, but will ignite under conditions of high-explosive shock.
Magnesium shows reactivity to explosive shock lying about midway
between that of aluminum and titanium. For high-pressure oxygen
systems, stainless steel and Monel were found to be satisfactory.
Author

N63-13081 Stanford Research Inst., Menlo Park, Calif.

A SURVEY AND EVALUATION OF HIGH ENERGY LIQUID CHEMI-
CAL PROPULSION SYSTEMS. PART I: PROPELLANT SELECTION
CRITERIA FOR SPACE MISSIONS  Final Report, March 15, 1961
to October 15, 1962
James A. Mac Leod and P. Roger Gillette
23 rets
(NASA Contract NASr-38; SRi Proj. PRU-3652)
OTS: $8.10 ph, $2.75 mt

Results of a study are presentea to develop a procedure for
evaluating liquid propellants in order (a) to select the most appro-
priate propellant (from among those under development) for each of
several applications on each of the various missions in the NASA
program, or (b) to select new propellants (from among those being
proposed) for initiation or continuation of research and development.

Avuthor

Nov. 1, 1962 85 p

N63-13082 Stanford Research Inst., Menlo Park, Calif.
A SURVEY AND EVALUATION OF HIGH ENERGY LIQUID CHEMI-
CAL PROPULSION SYSTEMS. PART iI: PREPARATION AND
PROPERTIES OF OZONE FLUORIDE Final Report, Mar. 15,
1961 to Oct. 15, 1962
Adolph B. Amster, Joseph A. Neff, and A. J. Aitken
64p 39 refs
(NASA Contract NASr-38)
OTS: $6.60 ph, $2.12 mt

Rocket engines which use liquid hydrogen and liquid oxygen are
being developed for use in missiles for space exploration. The relia-
bility of these engines would be improved by making the propellant
combination hypergolic: Ozone fluoride, O3F2, when dissolved at very
low concentrations in liquid oxygen reportedly accomplishes this end.
This report contains a review of the properties of OsF: and other
fluorine-oxygen compounds. Also included are results of studies of
O1F: conducted at Stanford Research Institute. These studies have
confirmed the synthesis and photochemical decomposition of OiFa.
Results from both laboratory and engine ignition tests suggest con-
ditions under which Os F2 renders the liquid system Oz -H: hypergolic.
The report begins with a review of the chemical and physical prop-
erties of other compounds of oxygen with fluorine ‘and concludes
with suggestions for the additional research required to establish
the utility and reliability of O3 F2 as o hypergolic additive. In addition,
information concerning safety and compatibility problems is included.

Author

Nov. 1, 1962
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N63-13093 Pennsalt Chemicals Corp. Research and Development
Dept., Wyndmoor, Pa. )
RESEARCH ON THE COMPATIBILITY OF WELDED STRUCTURAL
MATERIALS WITH CHLORINE TRIFLUORIDE, PERCHLORYL
AUORIDE AND MIXTURE OF THESE Third Quarterly Progress
Report [Oct. 1-Dec. 31, 1962]
John C. Grigger and Henry C. Miller
(Contract AF 33(657)-8461)
Fabrication, including heat treatment and cleaning, of all
welded metal specimens, both tensile and stress form, required for
the static immersion tests has been completed. Mechanical properties
(1.5, ¥.S., and % elong.) have been determined for four replicate
welded tensile specimens of each of the nine alloys ofter heat treat-
ment, fo serve as control volues. Thermostated safety-cell facilities
in a high pressure laboratory were assembled and tested for the one-
year, 30° C immersion tests. Three oxidizers and 540 tensile ond
stress specimens were loaded into 36 steel pressure tonks to begin
these one-year exposures. This test phase provides for liquid, vapor,
and interface exposures to chlorine trifluoride, perchloryl fluoride
and a 25% CIOsF - 75% CIF; mixtures. The 21-day, 30° C immersion
tests have been started in a second sofety-cell facility containing 12
pressure tanks. Planning and assembling of equipment and specimens
for the dynamic exposure tests have begun. Author

Jan. 15,1963 45p 1 retf

N63-13145  AiResearch Mfg. Co., Los Angeles
SUBCRITICAL LIQUID OXYGEN STORAGE AND CONVERSION
SYSTEM FOR OMNIGRAVIC OPERATION  [Final] Report
R. L. Polk Wright-Patterson AFB, Ohio, Life Support Systems Lab.,
Dec. 1962 24p
(Contract AF 33(616)-7153)
(Engineering Rept. AE-2072-R; AMRL-TDR-62-143) OTS: $0.75
This program was directed toward the design and development
of a low-pressure storage system for the storage of liquid oxygen,
the conversion of the liquid fo usable, gaseous state, and the con-
trolled delivery of the gaseous oxygen under omnigravic conditions.
The program was an extension of the feasibility study of a system
employing an internal relief valve, and provided for, in particular,
the minimization of evaporation loss of stored liquid oxygen through
standby venting caused by heat leakage to the stored liquid, and the
development of suitable fluid capacity gaging equipment. This report
presents an account of the design and development of a subcritical
liquid oxygen storage and conversion system and outlines the final
engineering conclusions and recommendations. Author

N63-13249 Reaction Motors Div., Thiokol Chemical Corp., Denvilie,
N.J.

INVESTIGATION OF ADVANCED HIGH ENERGY SPACE STOR-

ABLE PROPELLANT SYSTEM [Final Report] June-November
1962

B. E. Dawson, A. F. Lum, and R. R. Schreib  {1962] 118 p 25 refs
(NASA Contract NASw-449)

(RMD-5507-F)  OTS: $9.60 ph, $3.74 mf

The feasibility of using an oxygen difluoride-diborane propellant
combination for use in space appli was investigated. Results
indicate that the OF+B:Hs propellant combination is feasible for
space applications. High performance and hypergolic ignition under
simulated altitude starting conditions were demonstrated. No unex-
pected problem areas were encountered in the experimental program
aftributable to the physical properties, material compatibility, or the
handling and safety characteristics of either propeliant. Further tests
should be made to substantiate the vacuum operational cooling re-
quirements of the propeliant combination, as well as to demonstrate
its scalability to thrust ranges suitable for space applications. lv.l.

[TPore)

N63-13326 Franktord Arsenal. Pitman-Dunn Labs., Philadelphia,
Pa.
COMPATIBILITY OF LUBRICANTS WITH MISSLE FUELS AND

OXIDIZERS
Kurt R. Fisch (ASD. Materiols Central, Wright-Potterson AFB), Lovise
Peale, Joseph Messina, and Henry Gisser Repr. from ASLE Trans.,




v.5,1962 p 287-296 1) refs Presented at the Annual Meeting
of the Amer. Soc. of Lubrication Engineers (ASLE), St. Lovis, May 1962
(Rept. A62-13)

Various compounds were studied to determine their suitubility as
lubriconts in the presence of fuels and oxidizers used in missile sys-
tems. The classes of compounds studied were the halogenated ali-
phatic and aromatic hydrocarbons, the silicon and perfluorocom-
pounds, esters, ethers, and compounds containing nitrogen. The fuels
and oxidizers included ethyl alcohol, hydrocarbon fuel, unsymmetrical
dimethylhydrazine, diethylenetriamine, a mixture of the latter two,
hydrogen peroxide, inhibited red fuming nitric acid, ond liquid
oxygen. The most promising compounds were studied for their ex-
treme pressure, antiwear, volatility, and viscometric properties.
Three compounds were found to be completely inert {unreactive and
insoluble) with all the fuels and oxidizers. One was a liquid (per-
fluorotributylomine) and the other two were solids (polytetrafluoro-
ethylene ond tetrafluoroethylene-hexafluoropropylene copolymer).
The perfluorotributylamine exhibited adequate lubrication properties
except for excessive volatility. The preporation of higher homologs
of this compound is expected to remedy this shortcoming. The poly-
tetrafluoroethylene and the copolymer may find application os com-
ponents of a grease-type lubricant. Author

N63-13417 Office of Research Analyses. Science and Engineering
Div., Holloman AFB, N. Mex.

ANALYSIS OF ADVANCED TRACK PERFORMANCE CHARACTER-
ISTICS

Herman F. Borges Jan. 1963 36p Srefs

(ORA-63-1)

Velocity and acceleration profiles of rocket sleds on an advanced
track were determined, based on existing and advanced rocket-
engine and sled designs. Sled families with a unit thrust of 100,000
pounds, using propeliants of different specific impulse, were -posty-
loted. Rocket assembly weight and paylood weight were expressed
in terms of thrust, and tank ond structural weight in terms of propel-
lant weight. The upper limit for rocket sleds using liquid oxygen and
liquid hydrogen as propellonts is about 5400 feet per second in
ambient air density ot one percent payload-to-thrust ratio. This speed
will increase to about 8000 feet per second if the track is enclosed
in an evacuoted tube at about one-third of the ambient air density.
To aftain this performance, a track about 40 statute miles long is
required. Author

N63-13444  Jot Propulsion Lab., Calif. Inst. of Tech., Pasadena
DETERMINATION OF WATER IN HYDRAZINE BY GAS CHROMA-
TOGRAPHY
Doniel M. Kuwada Nov. 15,1962 8p 4 refs
(NASA Contract NAS7-100)
(JPL-TR-32-362) OTS: $1.10 ph, $0.50 mf

The gas chromatographic separation of water and hydrozine
has been accomplished on a column of Fluoropok-80 coated with
20% Ucon Oil 550X. This separation was applied to the determina-
tion of small quantities of water in hydrozine. An automatic integrator
was used to make the analysis rapid and reproducible. This analytical
scheme is simple and accurate for concentrations of water in hydra-
zine, ranging from 0.5 to 2.0 wt. percent. Author

N63-13605 Air Reduction Co., Inc.
Murray Hill, N. J.

ADVANCED TEST METHODS FOR DETERMINING OPERATIONAL
CHARACTERISTICS OF PROPELLANTS Sixth Quarterly Prog-
ress Report, Sept. 1, 1962 to Nov. 30, 1962

G.A.Mead [1962] 23p

(Contract AF 04(611)-7413)

Simultaneous streak photograph and electronic conductance
probe measurements have been made on nitromethane and nitro-
methane sensitized with 3% ethylene diamine. Definition of data
in the preignition region is not yet satisfactory. Attempts to detect
passage of the detonation front by spaced Teflon sleeves on the
conductance probes were unsuccessful, probably because the Teflon

Central Research Llabs.,
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became conductive under the conditions of the test. A remote loading
system and cold-gas somple refrigeration system have been installed
and tested for use with liquids having high vapor pressure. Modi-
fication of the U-tube compression test has resulted in some positive
results on nitromethane, but these were not reproducible. Pressure
calibration tests with inert liquids gave traces with the expected
choracteristics, but valve operation may have been erratic. In the
batch-type thermal stability test, two new bomb designs have been
tried with the intent of reducing the resistance to heat tronsfer
between the sample and the heating bath. Results were obtained on
nitromethane, nitromethane sensitized with 3% ethylene diamine,
npropyl nitrate, and monomethyl hydrazine. A remote loading
system was assembled. In the first test with acetylene, explosion
occurred at about 540° F, demolishing the bath. Author

N63-13706 Aerojet-General Nucleonics, San Ramon, Calif.
HYDRAZINE PROCESS DEVELOPMENT  Interim Yechnical Engi-
neering Report, August through Ociober 1962

F. R. Standerfer, H. J. Snyder, H. T. Watanabe, L. G. Carpenter, R. I.
Miller, and R. L. Pearson  Wright-Patterson AFB, Ohio, ASD  {1962]
N8p 19 refs

(Contract AF 33(600)-42996)

(ASD-TR-7-840A(Vil); AGN-AN-756)

The primary goal of this program is to develop, design, con-
struct, and operate a continuous, in-reactor, hydrazine-production
loop based on the fission chemical-process approach. This report
discusses fission-fragment distribution studies, colloidal UO, prepara-
fion, impr ts in ur and hydrazine analytical techniques,
in-reactor loop-design modifications, fission-fragment deposition
measurements for a variety of sources, correlation of experimental
heat-transfer dota, and o parametric reactor-systems analysis. 8.J.C.

N63-13739 Gt. Brit.  Ministry of Aviation. Technical Information
and Library Services, Mottingham

INVESTIGATIONS OF NITROGEN-CHLORIDE COMPOUNDS.
NITROGEN-MONOHYDRIDE AS AN INTERMEDIATE PRODUCT
OF THE DECOMPOSITION OF CHLORAMINE (STICKSTOFF-
MONOHYDRID ALS ZWISCHENPRODUKT DER CHLORAMIN.
IERSETZUNG)

J. Jander and ). Fischer Feb. 1962 11 p 16 refs
L. Anorg. Aligem, Chem., (Leipzig), v. 313, 1961
(TIL/T-5368)

Solid chloroamine has been decomposed at -190° C by ultraviolet
irradiation. The blue product formed is stable below -150° C. This
result is supported by the identification of hydrogen cyanate during
the thermal decomposition of gaseous chloroamine in the presence
of carbon monoxide (5 to 10 mm Hg, 500° C). Under the some con-
ditions, hydrazine olso produces hydrogen cyanate. Studies have
shown that nitrogen monohydride ond ommonia react to form hydra-
zine, therefore it is experimentally possible to synthesize hydrazine
from chloroomine ond ammonia by way of the intermediate product
nitrogen monohydride. Author

Transl. from
p 37-47

N63-13768 Jet Propulsion Lab., Calif. Inst. of Tech., Pasadena
THE EFFECTS OF MOISTURE ON THE DYNAMIC MECHANICAL
PROPERTIES ON AMMONIUM PERCHLORATE—POLYURETHANE
PROPELLANTS
Robert F. Londel and B. G. Moser
(NASA Contract NAS7-100)
(JPL-TR-32-389) OTS: $2.60 ph, $0.86 mf

The detrimental effect of moisture on ammonium perchlorate—
polyurethane propellant appears to be due to one or more of the
following mechanisms: solution, migration, and precipitation of the
oxidizer. Direct microscopic observation indicates that the ammonium
perchlorate grains are physically separated from the binder, when
exposed to relative humidities greater than 15% at ambient tempera-
tures. This physical dewetting leads to small-strain dynamic shear
compliance instability which is a function of time ond environment.
The environmental effect, producing either a softening or an embrit-
tlement, is estoblished to be a function of the previous humidity

Feb. 26, 1963 22 p 8 refs

N63
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history and the environment at the time of measurement. There
appears to be an optimum amount of water necessary for maximum
embrittlement ot any given temperature, and additional water tends
1o decrease embrittlement. The detrimental effects can be reversed,
apparently by a healing of the salt-binder adhesion on the surface
of the initial grains, and additional reinforcement provided by the
precipitation of new, euhedral crystals of ammonium perchlorate.

Author

N63-13887 National Aeronautics and Space Administration. Lewis
Research Center, Cleveland, Ohio
EVALUATION OF INJECTOR PRINCIPLES IN A 2400-POUND-
THRUST ROCKET ENGINE USING LIQUID OXYGEN AND LIQUID
AMMONIA
Robert C. Hendricks, Robert C. Ehlers, and Robert W. Graham
Washington, NASA, Jan. 1959 34p 11 refs
(NASA MEMO 12-11-58E) OTS: $3.60 ph, $1.22 mf (Declassified)
The performances of three injector types were evaluated in a
2400-pound-thrust rocket test chamber to compare the relative effects
of fuel and oxidant atomization. Injector 1 atomized the fuel and
oxidant to a fine degree. Injector 2 atomized the fuel to o coarse
degree with straight streams of oxidant. Injector 3 gave coarse
oxidant atomization with straight streams of fuel. Each injector
represents one of the eighteen such units forming the injector for a
50,000-pound-thrust rocket engine. Avuthor

N63-14122 General Dynamics/Astronautics, San Diego, Calif.
EVALUATION TEST OF LIQUID OXYGEN PROPELLANT DUCT
D.E. lawronce Jon. 16, 1963 23p 5 refs

(Rept. 55A-1354-4)

The main propeliont line between a liquid-oxygen sump and a
rocket engine was tested for leakage at cryogenic temperatures
during vibration. The system consisted of a liquid-oxygen propellant
duct, a liquid-oxygen recirculating line, o liquid-oxygen boost-pump
sump, and associated hardware. Structural failure of the 55-02139-3
liquid-oxygen recirculation flex hose resulted in termination of the

testing. MPG.
N63-14221 Monsanto Research Corp. Boston Llabs., Everett,
Mass.

RESEARCH ON SYNTHESIS OF NEW OXIDIZERS FOR SOLID
PROPELLANTS Quarterly Technical Summary Report No. 2,
October 1 to December 31, 1962

James W. Dale, Henry P. Beltramini, Carl A. Olson, Stephen P. Terpko,
ond George A. Tsigdinos Feb. 26,1963 20p 19 refs

(Contract AF 04(611)-8520; ARPA Order 352-62)

(MRB-2022Q22)

The preparation and purification of various energetic oxidizing
compounds required for miscibility and reactivity studies in liquid
oxygen fluoride, and for conductimetric study of metathetic reactions
involving the ions CIF; and CIF; in various inert solvents was
investigated. Of the oxidizing compounds studied, OF, CIF3, NoF,
and CIO3F were proved to be nonconducting; CIF3, NaF,, and
ClO3F were found to be unreactive towards OF. The binary system
CIF3-ClO3F was examined but no reaction was observed either in
the gas or liquid phases; the ternary system CIF;3-ClO3F-OF;
behaved similarly. ARB.

N63-14488 Aercjet-General Corp. Solid Rocket Plant, Azusa,
Calif.
INVESTIGATION OF THE MECHANISMS OF DECOMPOSITION,
COMBUSTION, AND DETONATION OF SOLIDS [Technical
Operating Report, Jan. 1-Mar. 31, 1963}
D. ). Sibbett Mar.3,1963 17p 5refs
(Contract AF 49(638)-851; ARPA Order 24-60)
(Rept. 0372-01-13)

The “apparent flame strength” of the ia-oxygen syst
has been determined as a function of reactor pressure between 250
and 763 torr. A valve of 0.81 g/cm2-sec was obtained at 1 atmos-
phere, using the opposed-jet reactor with 2.0-cm nozzle separation.

14

The second-order dependence of flame strength on reactor pressure
indicated the overall order of the reaction. Based on the theoretical
. -

1di

analysis of Sp g a ic ¢ ption rate of
ia at 1 ot e has been estimated as 4.5 g/cm3-sec. The
corresponding volumetric heat rel rate was 2.4 x 104 calfem3.

sec for the ammonia-oxygen flame. The ethylene-air system was also
studied as a function of pressure. The “apparent flame strength” was
also shown 1o be approximately second-order. At 1 atmosphere, a
value of 0.19 g/cmZ-sec was obtained as the limiting rate of combus-
tion. The volumetric rate of ethylene consumption was 1.8 x 107!
@/cm3-sec; the volumetric heat rel rate was 2.2 x 10° cal/em3-
sec. Initial experiments have been carried out with oxygen-chlorine
compositions in the oxidizer gas stream for opposed-jet studies of the
reaction with ammonia. Measurement of “flame strength” for these
systems was more difficult than with pure oxygen because of con-
siderably increased flame instability. Author

N63-14582 Notional Aeronoutics ond Spoce Administration,
Washington, D.C.

RESEARCHES IN SPACE FLIGHT TECHNOLOGY

Abe Silverstein Repr. from J. Roy. Aeron. Soc. (London), v. 65,
no. 612, Dec. 1961 p 779-795 10 refs 49th Wilbur Wright
Memorial Lecture, London, Sept. 12, 1961

(Its Aeronaut. Repr. 143)

Problem areas in propulsion, aerodynamics, and structures are
presented. Topics discussed are: liquid hydrogen technology, storage
probk teoroids, weightless flight, pumping of liquid hydrogen,
nuclear rocket propulsion, reentry configurations, and reentry
heating. ARB.

N63-14617 Stanford Research Inst., Menlo Park, Calif.

SOUD PROPELLANT MECHANICAL PROPERTIES INVESTIGA-
TIONS Quarterly Progress Report No. lli, Dec. 1, 1962-Feb.
28, 1963

Norman Fishman ond James A. Rinde
(Contract AF 04(611)-8388)

(Rept. 9)

Mechanical properties (consisting of results from constant strain
rate, constant load, and constant loading-rate tests) of the two
compositions AFBA-1 and AEBA-15 have been determined. Volume
change data are being obtained by performing selected tests in the
dilatometer. All work thus far has been with desiccated specimens
tested under dry condifions. Dilatometric tests under conditions of
constant load have verified the thesis that the linear strain-time
portion of the creep curve represents o region where dewetting is the
process which controls the creep rate. In this region, the volume was
found to increase linearly with time. Constant strain tests in the
dilatometer at 100° F showed that little or nu volume change occurred
after the selected value of constant strain was reached. Further, it
was found that the physical state of o propellant was not dependent
solely on strain but was also a function of path. When comparable
extension rates under constant load and constant strain-rate condi-
tions were used to extend the specimens to selected values of constant
strain, it was found that different volume changes resulted, the higher
volume change being associated with extension under constant load.
Volume chang during ¢ strain-rate fests ot
100° F showed that the volume chonge at large deformations
increased with the strain rate and, further, that the minimum valve of
Poisson’s ratio ot large deformations decreased os the strain rate
increased. Avthor

Mor. 25,1963 31p 1 ref

N63-14676 Beech Aircraft Corp., Boulder, Colo.
ESTABLISHING DESIGN CRITERIA FOR LIQUID HYDROGEN
ROCKETS. VOLUME III—MATERIALS FOR LIQUID HYDROGEN
BOOST TANKS Final Report [Dec. 1958-Sept. 1961]
J.E. Belland H. E. Sutton May 1962 147 p 28 rets
{Contract AF 33(616)-5154)
(AFFTC-TR-60-43, Vol. II})

Materials have been evaluated for use in tabrication of liquid
hydrogen tanks for boosters and spacecraft. The criteria for material




selection were for a 7000-gallon tank with optimum strength-to-
weight ratio in the temperature range from 423°F to 1000° F. The
areas covered include the selection and testing of materials for tank
structure, insulation, and encapsulation. R.C.M.

N63-14740  Aeronutronic, Newport Beach, Calif.

STUDY OF DETONATION BEHAVIOR OF SOLID PROPEL-
LANTS Final Technical Report

M. H. Boyer. D A Schermerhorn. and H. Uyehara Mar. 30, 1963
115 p 34 refs

{Contract NOw-62-0503-c)

(U-2059)

The proper form of basic equations has been determined.
and the development of suitable mathematical techniques for
solution of the basic equations has been completed. Mathematical
techniques and computer programs have been written and checked
out for solving the basic equations in one or two space dimensions
and for pressure initiation. it has been concluded that thermally
initiated detonation is beyond the capability of the present genera-
tion of computers. Experimental data have been obtained on the
equation of state parameters for the unreacted solid phase. and
similar data for the reacted gaseous products have been obtained
from detonation literature. Success has been achieved in demon-
strating that theoretically computed detonations generally agree
with experimentally observed behavior; the theoretical method has
also been used to compute the quantitative initiation behavior of
real matenals. ARB.

N63-14761 National Advisory Committee for
Lewis Flight Propulsion Lab., Cleveland. Ohio
ATTENUATION OF TANGENTIAL-PRESSURE OSCILLA-
TIONS IN A LIQUID-OXYGEN-n-HEPTANE ROCKET ENGINE
WITH LONGITUDINAL FINS
Richard J. Priem Washington, NACA. June 28, 1956 38 p 6 refs
(NACA RM ES56C09) OTS: $3.60 ph. $1.34 mf (Declassified)
In an effort to prevent high-frequency combustion-pressure
oscillations (screaming). fins were instalied in the combustion
chamber of a 1000-pound-thrust rocket engine with a chamber
pressure of 300 pounds per square inch and using liquid oxygen
and n-heptane as propellants. Tangential combustion-pressure
oscillations were eliminated with longitudinal fins located in the
combustion zone. The fin position for the liquid-oxygen - n-heptane
engine was different from that of the nitric acid - JP-4 fuel system
investigated by Theodore Male and William R. Kerslake. With four
fins, 4 inches or more in length, 'complete elimination of the travel-
ing form of the tangential-pressure osciflation was obtained when
the fronts of the fins were 3 inches or less from the injector face
With the fronts of the fins located 4 or more inches from the injector
face. tangential oscillations were not eliminated; however. the
frequency of their occurrence was reduced about 40 percent. The
amplitudes of the pressure oscillations were estimated from streak
photographs. Fins were relatively ineffective in reducing the ampli-
tude of the pressure oscillations {(measured between the injector
and fins) in runs where oscillations occurred with fins. Amplitude
decreased with increasing chamber length. Unsymmetrical injection
patterns were briefly investigated. These injectors had about the
same probability of screaming as those with symmetrical injection
patterns and the same amplitude of the pressure wave. Author

Aeronautics

N63-14981
Pittsburgh. Pa.
RESEARCH ON THE HAZARDS ASSOCIATED WITH THE
PRODUCTION AND HANDLING OF LIQUID HYDROGEN
M. G. Zabetakis and D. S. Burgess 1961 58 p refs

(BM-RI-5707)

Unconfined liguid hydrogen was studied to determine the
danger of explosion and related hazards sc as to devise emergency
procedures for: protecting personnel and equipment when an
accidental spillage of liquid hydrogen occurs and establishing a
quantity-distance table for the storage of this fuel. It was found
that the chief hazards associated with the use of liquid hydrogen in

Bureau of Mines  Explosives Research Lab.,

unconfined spaces are those attributed to the formation d1 shock
sensitive condensed {liquid hydrogen-solid oxygen) mixtures and to
fire. The quantity-distance table for liquid hydrogen is based on
the radiation and flame size. derived in this study ARB

N63-15160 Temple U Research Inst., Philadelphia. Pa
ADDITION AND SUBSTITUTION PRODUCTS OF OXYGEN
FLUORIDES Third Annual Progress Report [Jan. 1-Dec. 31,
1962]

A G. Streng. A. D Kirshenbaum and A V. Grosse Jan 15, 1963
68 p 34 refs

{Contract Nonr-3085(01}}

Chemical reactions of oxygen fluorides were studied to obtain
addition products of high oxidizing power. The chemical character-
ization of dioxygen difiuoride is given, and the reactions of formation
of the intetmediate compounds O,CIF3. O,BrFg. and O,SFg. as
well as some others, are described. A new method. which uses
electric discharge. of preparing xenon tetrafluoride. Xef4. is given
The preparation of xenon oxyfluorides is described. Using the same
method, at liquid air temperatures, it was possible to synthesize
the first compound of krypton. i.e.. krypton tetrafluoride or KrF4. It
forms colorless transparent crystals, more volatile and less ther-
mally stable than XeF4 Author

N63-15576
Spring. Md
TECHNICAL PANEL ON SOLID PROPELLANT COMBUSTION
INSTABILITY Unclassified Proceedings of the Second Meeting,
Stanford Research Inst., Menlo Park, Calif., Mar. 8-9, 1962
May 1962 146 p 16 refs

Applied Physics Lab. Johns Hopkins U. Silver

{Contract NOw 62-0604-C)
(TG 371-48)
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N63-15589 Canadian Armament Research and Development
Establishment, Valcartier

CARDE INVESTIGATIONS OF FINITE WAVE AXIAL COM-
BUSTION INSTABILITY

L A Dickinson /n Applied Physics Lab.. Johns Hopkins U. Silver
Spring. Md. Technical Panel on Solid Propellant Combustion insta-
biity Proc. of Second Meeting., Stanford Res. Inst. Menlo Park,
Calif. Mar. 8-9. 1963 May 1962 p 59-66 3 refs (See N63-
15576 12-26)

A pulse technique has been used to assess the finite-wave
axial-combustion instability of aluminized. ammonium perchlorate/
polyurethane propellant formulations. This technigue is based on
the assumption that if a pressure disturbance is introduced during
burning at a time when the engmne is in an incipiently unstable con-
dition, ampilification of the disturbing pulse will occur. conversely.
if the engine 1s operating in the stable regime. pulsing should have
no effect Experimental data obtained using three propellant formu-
lations and engines of two diameters are being used to delineate
the effects of engine operating parameters. engine size. and diverse
propellant factors Concurrent studies of erosive burning indicate
that propellants with high erosion factors may be more prone to
finite-wave axial-combustion instabihity MPG
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N63-15620 Bendix Corp Pioneer-Centrat Diwv., Davenport. lowa

CAPILLARY ACTION LIQUID OXYGEN CONVERTER FOR
WEIGHTLESS ENVIRONMENT (Final Report, May 1, 1961-
Aug. 25, 1962]

Duane E Hinds and John Cleveland Wright-Patterson AFB, Ohio.
Life Support Systems Lab . Jan 1963 22 p 2 refs

{Contract AF 33(616)-8185)

(AMRL-TDR-63-10)

A 25-liter, capillary-action liquid-oxygen converter has been
fabricated to incorporate all the components required to provide a
completely operational. self-contained system to supply breathing
oxygen in a weightless environment. The converter design of
functional components and the principle of operation has com-
bined the forces of surface tension. wetting. and capillary action of
hquid oxygen to provide adequate forces to ensure satisfactory
operation of the system dunng space environments. These forces
will provide for the expulsion of hquid oxygen under standard con-
ditions. during acceleration forces up to and including 14 G, and in
the zero-gravity condition The report includes all the test data and
results of the complete development program and the physical
arrangement required for the capillary action converter system. The
testing which could be accomplished in the laboratory gave every
evidence that the design concept s satisfactory for zero-gravity
operation Author

N63-15735  Army Chemical Center, Edgewood. Md
HANDLING AND STORAGE OF NITROGEN TETROXIDE
{Finsi Report)

Edwards. Calf.. Air Force Systems Command. Rocket Propulsion
Lab.. May 1963 106 p

(Contract AF 33(616)60-20)

(RTD-TDR-63-1033)

A comprehensive source of basic information for use in the
design, fabrication. and operation of nitrogen tetroxide handling
equipment is presented. The chemical and physical properties of
this propellant are included so that the hazards will be recognized
and understood. Principles underlying the prevention of fire. explo-
sion, and toxic effects are presented, along with the information on
the disposal and neutralization of vapors and liquids. Author

N63-15917 Rocketdyne, Canoga Park. Calif.

RESEARCH IN FLUORINE CHEMISTRY Summary Report,
Mar. 16, 1962 to Mar. 15, 1963

H H Rogers. S Evans and J H Johnson Apr. 30, 1963 100 p
3 refs

{Contract Nonr- 1818(00))

{R-5077)

This review of electrolysis of anhydrous hydrogen fluoride
includes (1) the drying of hydrogen fluonde by electrolysis. (2) the
hydrogen fluonide-mitrous oxide system. (3) the hydrogen fluonde-
dinitrogen tetraoxide system. and (4} the hydrogen fluoride-nitnc
oxide system lv.L

N63-15989 Nationa! Aeronautics and Space Administration.
Marshall Space Flight Center. Huntswille. Ala

DEVELOPMENT TRENDS OF LIQUID PROPELLANT ENGINES
A. A. Mc Cool and Keith B. Chandler /n its From Peeneminde to
Outer Space. {A Volume of Papersi Commemorating the Fiftieth
Birthday of Wernher Von Braun Mar. 23, 1962 p 289-307 1 ref
(See N63-15976 13-01)

The thistorical development of the liquid propellant rocket
engine is summarized. The design and operation of the V-2(1942),
the Redstone A-7{1952). the Jupiter 5-3D(1956). the Saturn
H-1{1958) and the Saturn F-1(1961) are described. Each of these
engines represents a performance advantage and a reduction in
complexity over the preceding engine. The progress made over the
past twenty years in specific impulse. thrust-to-weight ratio. chamber
pressure. and thrust is charted. Future gains are expected from
the use of tap-off and secondary injection techniques. and from
improved nozzie concepts. MPG.




N63-15990  Forschunginstitut fir Physik der Strahlantriebe,
Stuttgart (W. Germany) .."
UBER BALLISTISCHE UND AERONAUTISCHE RAUMFAHRT
J[CONCERNING BALLISTIC AND AERONAUTICAL SPACE
TRAVEL]

Eugen Sanger /n NASA Marshall Space Flight Center. Huntsville.
Ala. From Peenemunde to Outer Space. [A Volume of Papers}
Commemorating the Fiftieth Birthday of Wernher Von Braun
Mar. 23, 1962 p 309-317 4 refs In German (See N63-15976
13-01)

This review of the state-of-the-art of propulsion systems and
their applications includes: (1) propulsions systems. with a specific
impulse in vacuum of ~ 280 sec, that use kerosene-liquid oxygen
or hydrazine-nitrogen tetraoxide for four-stage rockets: {2} propul-
sion systems, with a specific impulse in vacuum of ~ 450 sec,
that use liquid hydrogen-liquid oxygen or liquid hydrogen-liquid
fluorine for two-stage rockets: (3) propulsion systems with a
specific impulse in vacuum of 800 sec to 3000 sec that use
nuclear fission with hydrogen, water vapor, or ammonia for space
vehicles. and (4) propuision systems, with a specific impulse of
3000 sec to 30.000.000 sec. that use nuclear fission, nuclear
fusion or radiation materials for interplanetary and interstellar
space vehicles. Ivi.

N83-162861
Calif.
STUDY OF SUSCEPTIBILITY OF SOLID COMPOSITE PRO-
PELLANTS TO EXPLOSION OR DETONATION Final Report
T.G.Owe Berg Apr. 12, 1963 89 p 211 refs
{Contract NOrd 18487)
{Rept. 0253-05(01)FP)
CONTENTS:
1. THE MECHANISM FOR THE INITIATION OF DETONA-
TION IN SOLID EXPLOSIVES Appendix A T. G. Owe Berg
Apr. 1961 p 1-21 130 refs (See N63-16262 13-26)
2. INITIATION OF EXPLOSIVES BY FRICTION Appendix B
T. G. Owe Berg, L. R. Codner, and W. C. Joe Mar. 1962
p 1-14 43 refs (See N63-16263 13-26)
3. THE EFFECT OF ¢«CARBIDE ON THE PASSIVITY OF
STEEL IN NITRIC ACID SOLUTIONS Appendix C T. G.
Owe Berg p 1-13 38 refs (See N63-16264 13-18)

Aerojet-General Corp.  Ordnance Div.. Downey,

N63-16374
Mass.
RESEARCH ON SYNTHESIS OF NEW OXIDIZERS FOR
SOLID PROPELLANTS Quarterly Technical Summary Report
No. 3, Jan. 1, 1963-Mar. 31, 1963

James W. Dale. Stephen P. Terpko. and George A. Tsigdinos
Apr. 22,1963 32p 16 refs

{Contract AF 04{611)-8520. ARPA Order 352-62)

(MRB-2022Q3)

Investigation of interactions and compatibility of various binary
and ternary combinations of active oxidizers (NO2F. NOF. NjFy4.
CIO3F. etc) in liquid OF, has continued. The binary systems
NF3/0F,. CIO3F/OF;. and N2F4/OF;, and the ternary system
CIF3/ClO3F/OF;. showed complete miscibility, the latter under
pressure at —78° C. Pure NOF has been found not to react with
OF;: the explosive reaction reported in the literature (NOF +
OF; — NF3 + O3) was probably due to a large NO content in the
supposedly pure NOF. Conductimetric investigation involving
compounds formulated as containing CIF;* and CIF4~ ions is
continuing using CIF3 as ionizing solvent. The “neutralization,”
CIF;+AsFg~ + NO*CIF4~ — NOAsFg + 2CIf;. can be followed
by conductimetric titration to a sharp end-point at 1:1 stoichiom-
etry. A new and facile route to the derivatives MCIF4 (M = K. Rb,
Cs) has been found to give these compounds in high yield and
good purity. The new compounds (CIF2)2SnFg and (CIF;),TiFg
have been synthesized and tentatively identified. Author

Monsanto Research Corp. Boston Labs., Everett,
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N63-16443
dena
PERFORMANCE CALCULATIONS FOR MONOPROPELLANT
HYDRAZINE AND MONOPROPELLANT HYDRAZINE-HY-
DRAZINE-NITRATE MIXTURES
Donald H. Lee Dec. 3, 1962 92 p 9 refs
{NASA Contract NAS7-100)
{(JPL-TR-32-348) OTS: $8.60 ph. $2.96 mf

Results of thermochemical performance calculations are pre-
sented for the monopropellant hydrazine system and several
monoproplelant hydrazine-hydrazine nitrate maxtures n view
of the ability to obtain dissociation of the ammonia present in
the gaseous exhaust products by utilizing catalysts in the de-
composition of these propeliants. data are presented for the
cases of 0% 20%. 40%. 60%. 80%. and equilibrium ammo-
nia dissociation Performance values for expansion ratios
up to 200:1 are presented at chamber pressures of 50 psia.
150 psia. 300 psia. and 1000 psia. Al results were cal-
culated by the free-energy mimimization method Author

Jet Propulsion Lab.. Calif Inst. of Tech., Pasa-

N63-17166
dena

ALL SOLID-PROPELLANT INJECTION VEHICLES FOR
LARGE-PAYLOAD SPACE MISSIONS. APPLICABILITY OF
SOLID PROPELLANTS TO HIGH-PERFORMANCE ROCKET
VEHICLES

M. Summerfield, J. |. Shafer, H. L. Thackwell, Jr.. and C. E.
Bartley Repr. from Astronautics, Oct. 1962 p 37-56 6 refs
(NASA Contract NAS7-100; Contract W-04-200-ORD-455)
{(JPL-TR-32-352)

Studies of large-scale vehicles (capable of placing at least
500.000 Ib into earth orbit) based on all-liquid and all-solid pro-
pulsion systems have revealed the following conclusions: {1}
Vehicle system reliability will probably prove to be unacceptabiy
low for complex manned space missions if development pro-
grams are based on the philosophy and program approachcs
used in the past. (2} a design and development philosophy
which advocates unusual conservatism and design within the
state of the art leads to the desired high reliability. {3} with this
philosophy. and unique characteristics of an ail-solid rocket. a
basically new approach to early high reliability of flight vehicles
becomes possible. program implementation would consist of
early evaluation of the motor designs. vehicle structure, and
flight dynamics in scale-model tests. followed by assembly of
the scaled-up. full-sized components as a complete vehicle for
immediate use: (4) all-solid-propellant injection vehicles of 25-
to 35-million-lb launch weight are feasible. when compared
with liquid or hybrid-stage vehicles of comparable capability,
the deveiopment risk would be very low, and the resultant vehi-
cle reliability at an early date unusually high—provided sug-
gested philosophy and program approach were utilized: {5)
schedules and costs for ali-solid injection vehicles studied are
significantly lower than for hybrid-stage and liquid propellant
vehicles of comparable payload capability: and (6) by replacing
solid upper stages with liquid-hydrogen-liquid-oxygen stages as
these become avaiiable, the growth potential of all-solid vehi-
cles is favorable for space missions which require large pay-
loads and high sophistication. N.EA.

Jet Propulsion Lab., Calif. Inst. of Tech., Pasa-

NG63-17542
Azusa. Calif.
INVESTIGATION OF THE MECHANISMS OF DECOMPOSI-
TION, COMBUSTION, AND DETONATION OF SOLIOS {Tech-
nical Operating Report No. 14, Apr. 1-June 30, 1963]
J. P. Kispersky June 1963 24 p 8 refs
{Contract AF 49(638)-851; ARPA Order 24-60)
{Rept. 0372-01-14)

"Apparent flame strengths’’ for the ammonia-oxygen and
ammonia-oxygen-chlorine reactions have been determined as a
function of reactor pressure. using the opposed-jet technique

Aerojet-General Corp.  Solid Rocket Plant,
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and 0.77-cm-ID nozzles. It has been shown that the ammonia-
oxygen flame strength is dependent on the square of the reactor
pressure when both 0.46- and 0.77-cm jets are used. The pro-
portionality of the flame strength with the diameter of the jet,
which is required by theory, has also been demonstrated.
“Apparent flame strength”” measurements for ammonia as fuel.
with oxygen-chlorine mixture as oxidizer. have been made at
300. 450. 600. and 745 torr. The flame strength was inversely
proportional to the mass fraction of Cly in the mixture. Extrap-
olations to zero flame strength indicated that no flame is pos-
sible at mass fractions of chlorine of approximately 0.5 Anal-
yses of the data for ammonia-oxygen-chlorine systems indicate
that chlorine does not act as a diluent but competes with
oxygen in reaction with NH3. The three-component system
also shows flame strength dependence on the square of the
reactor pressure Author

N63-17832
delphia, Pa.
GREASE-TYPE LUBRICANTS COMPATIBLE WITH MISSILE
FUELS AND OXIDIZERS
J. Messina and H. Gisser 13 p 13 refs Presented at the 1963
USAF Aerospace Fluids and Lubricants Conf., Session VII-A,
San Antonio, Tex.. Apr. 16-19

A thickening of mixed perfluorotrialkylamines {(akyl =
C4—Cg) with tetrafluoroethylene polymers. mol wt 2000 to
30.000, was studied in connection with the development of
grease-type lubricants for liquid-fuel-powered missiles. Grease-
type mixtures were obtained which were stable to shear
stresses, showed no separation on standing (up to periods of
one year), and showed little separation in the cone tests at
100° C. The greases were not reactive with and insoluble
in ethy! alcohol, JP-4 fuel, unsymmetrical dimethylhydrazine.
diethylenetriamine, a 60:40 mixture of the last two. a 50:50
mixture of unsymmetrical dimethylhydrazine and hydrazine.
90% hydrogen peroxide, and inhibited red fuming nitric acid
There was no explosive reactivity in impact tests with liquid
oxygen or nitrogen tetroxide. Although N304 is somewhat
soluble in the perfluorotrialkylamine, the greases showed no
reactivity or observable solubility with N,04. and when the
N,O4 was permitted to evaporate from its mixture with the
greases, the latter appeared unchanged. A typical grease
exhibited antiwear and extreme pressure properties (4-ball
tests) comparable to conventional petroleumn greases. and did
not attack most of the conventional elastomers. The tetra-
fluoroethylene polymers used had 0.20% chlorine or less.
Greases made of tetrafluoroethylene polymers having 0.5 to 1.0
percent chlorine showed some reactivity with the amines.
Average particle size of the polymers was 5 microns. Author

Frankford Arsenal. Pitman-Dunn Labs.. Phila-

N63-17834  Southwest Research Inst., San Antonio. Tex
EVALUATION OF IMPACT SENSITIVITY OF MATERIALS
IN CONTACT WITH LIQUID OXYGEN AND NITROGEN
TETROXIDE

F.Chang. B. B. Baber. and P. M. Ku 11 p 7 refs Presented at
the 1963 USAF Aerospace Fluids and Lubricants Conf.. Session
VII-A, San Antonio, Tex., Apr. 16-19

(Contracts AF 33(616)-6232 and AF 33(616)-7223)

Tests for evaluating the impact sensitivity of liquid. grease,
and solid materials in contact with liquid oxygen and nitrogen
tetroxide are described. A drop-weight impact tester, basically
of ABMA design, was employed. however. modifications and
refinements have been made in the course of the work. Typical
test results are presented and discussed. Author

N63-17907
wanda, N.Y.
ADVANCES IN CRYOGENIC TECHNOLOGY
C.R. Lindquist Mar. 1, 1963 9p

{Contract AF 33(657)-10248)

Linde Co. Div. of Union Carbide Corp.. Tona-

Progress in developing Super Insulation concepts for
space vehicle applications is reported. as well as advances
in the production and utilization of solid hydrogen. Super Insu-
lation. consisting of alternate layers of metallic foil radiation
shields and fiber spacers maintained in a vacuum by 8 rigid
casing, has been used in ground-based applications by provid;
ing a rigid casing to prevent compression of the evacuated
insulation. Because of possibility of using a flexible vacuum
casing over the insulation for space applications on the assump-
tion that the insulation will recover its optimum performance in
the vacuum of space. a small stainless steel tank has been
Super Insulated and'encased in plastic. Tests indicate a satis-
factory overall vacuum leak rate after flexing of the plastic
jacket. Further studies of Super Insulation application tech-
niques to obtain near optimum performance while reducing
cost and weight factors are being conducted from both ground-
based tankage and space vehicle applications. Results of an
‘engineering study of the commercial production, transfer, and
utilization of hydrogen slush indicate that (1) standard liquid
hydrogen transfer techniques can be used; (2) vacuum pumping
is the most attractive method of slush production at a plant
or at a launch facility; (3) either a closed cycle or liquid-addition
open cycle refrigeration system would maintain the slush
hydrogen fuel in space vehicle storage tanks. M.P.G.

N63-17986 Atlantic Research Corp.. Alexandria, Va.

A STUDY OF EXPLOSIONS INDUCED BY CONTACT OF
HYDRAZINE-TYPE FUELS WITH NITROGEN TETROXIDE
[Final Report, June 1, 1961-May 31, 1962]

R. Friedman, W. P. Barnes. Jr.. and M. Markels, Jr. Wright-
Patterson AFB, Ohio, Flight Accessories Lab., Sept. 1962 36 p
8 refs

{Contract AF 33(616)-6918)

(ASD-TDR-62-685)

The mechanism of explosions which may resuit when 8
hydrazine-type liquid 1s brought into contact with liquid nitrogen
tetroxide was studied. Falling-droplet experiments showed
correlation between distance of fall and probability of explosion.
Sudden injection of one liquid into the other. with high-speed
photography. gave nonreproducible results. Occasional expio-
sions occurred, preceded by bubble formation. - Alternate
theories of the explosion phenomenon are discussed. Author

N63-18208 Aerojet-General Corp.
Sacramento, Calif
ALGOL SOLID ROCKET MOTOR PROGRAM Twenty-third
Monthly Progress Report, Apr. 1963
May 15, 1963 40p
{(NASA Contract NAS1-1330}
(NASA CR-50635: Rept. 0498-01M-23) OTS: $3.60 ph, $1.40
mf

The sixth full-scale static firing using the Algol IIA-18
rocket motor was conducted and all test objectives were
achieved. This is the first test in which jet vanes were not used;
therefore, it was not necessary to correct ballistic data obtained
for the axial impulse loss due to the jet vanes. The total
delivered impulse of this rocket motor was 4,726,314 Ibf/sec;
action time was 67.9 sec. specific impulse was 223.2 Ibf-sec/
ibm. The web burning time was 48.1 sec, and the web impulse
was 4,173.352 Ibf/sec. As a result of the hangfire that occurred
in the test of Aigol 11A-3 (Rehab). an igniter-recovery program
was conducted. This program consisted of the testing of both
existing igniters (1400-gm main charge) and four modified
igniters in a simulated free-volume chamber. A modified igniter
was also used in the Algol 1|A-18 during the sixth static firing.
A stydy was made to determine if the wax coating left on the
surface of the grain after removal of the core had any etfect on
ignition. In conjunction with this study. propellant samples
were taken from the grain surfaces of motors Algol I1A-13 and

Solid Rocket Plant,




Algol I11A-19 and were photographed and chemically analyzed
to determine wax-residue and ammonium perchlorate {oxidizer)
content. The delivery of all motors and the processing of
motors subsequent to Motor Algol |IA-20 were suspended
pending results of the igniter-recovery program. lLv.l.

N63-18342
Denvitle, N.J.
INVESTIGATION OF ADVANCED HIGH ENERGY SPACE
STORABLE PROPELLANT SYSTEM — OF /B2Hg
Rolland R. Schreib. Jr. (Bellcomm, Inc.) and Bruce E. Dawson
N. Y., Am. inst. of Aeron. and Astronautics [(1963] 14 p
Presented at the AIAA Summer Meeting, Los Angeles. June
17-20 1963
{NASA Contract NASw-449)
(AIAA Paper 63-238) AIAA: $0.50 members, $1.00 nonmem-
bers

The feasibility of oxygen difiuoride-diborane propellants
for use in space propulsion systems was investigated. Tests
show that the OF;-BoHg propellant combination is hyper-
golic at both sea level and high altitude. High theoretical
performance is readily attainable with standard injection tech-
niques. The propellants can be easily handled in equipment
suitable for the cryogenic temperature range when the compo-
nents have been properly cleaned and passivated. Heat rejec-
tion rates are high due to the combination of high combustion
temperatures and radiating combustion products, but the heat
fluxes are within the present state-of-the-art for ablative
chambers and nozzles. Author

Reaction Motors Div., Thiokol Chemical Co.,

N63-18501 Combustion Inst., Pittsburgh, Pa.

NINTH SYMPOSIUM (INTERNATIONAL) ON COMBUSTION
[HELD AT] CORNELL UNIVERSITY, ITHACA, NEW YORK,
AUGUST 27 TO SEPTEMBER 1, 1962

W. G. Berl, ed. (Appl. Phys. Lab.) N.Y., Academic Press, 1963
1106 p refs

(NASA Grant NsG-245-62; Grants NSF 20174 and NSF 21506;
and Contract DA-36-034-ORD-3534RD)

(NASA CR-50312)

CONTENTS:

TURBULENT GAS FLAMES

1. FLAME STRENGTH OF
FLAMES AT LOW PRESSURES
E. Anagnostou and A. E. Potter, Jr.
(See N63-18502 17-26)

2. MIXING AND FLOW IN DUCTED TURBULENT
JETS H. A. Becker, H. C Hotiei, and G. T. Wiiilams {(MiT)
p7-20 17 refs (See N63-18503 17-11)

3. TURBULENT FLAME STUDIES IN TWO-DIMEN-
SIONAL OPEN BURNERS J. H. Grover, E. N. Fales, and A. C.
Scurlock {Atlantic Res. Corp.) p 21-35 13 refs (See N63-
18504 17-26)

4 TURBULENT MASS TRANSFER AND RATES OF
COMBUSTION IN CONFINED TURBULENT FLAMES N. M.
Howe. Jr., C. W. Shipman, and A. Vranos (Worcester Polytech.
Inst) p 36-47 27 refs (See N63-16253 13-26)

PROPANE-OXYGEN
IN TURBULENT FLOW
(NASA) p 1-6 7 refs

LAMINAR GAS FLAMES

5. FURTHER STUDY ON FLAME STABILIZATION IN
A BOUNDARY LAYER: A MECHANISM OF FLAME OSCIL-
LATIONS W. S Wu and T. Y. Toong (MIT) p 49-58 12 refs
{See N63-16956 14-26)

6. FLAME PROPAGATION IN LAMINAR BOUNDARY
LAYERS T V. Toong, J. R Kelly (MIT), and W. S. Wu (IBM)
p 59-64 9 refs (See N63-18505 17-26)

7. ON THE STRUCTURE OF PREMIXED AND DIF-
FUSION LAMINAR SPHERICO-SYMMETRICAL FLAMES
P. P. del Notario and C. S. Tarifa (Inst. Nacl. de Tec. Aeron.,
Madrid) p 65-71 9 refs {See N63-18506 17-26)

8. A THEORETICAL STUDY OF SOME PROPERTIES
OF LAMINAR STEADY STATE FLAMES AS A FUNCTION
OF PROPERTIES OF THEIR CHEMICAL COMPONENTS E. S.
Campbell, F. J. Heinen, and L. M. .Schalit (N.Y.U.) p 72-80
18 refs (See N63-18507 17-26)

HIGH TEMPERATURE SPECTROSCOPY
9. ABSORPTION SPECTRA AT HIGH TEMPERA-
TURES. |I. THE ULTRAVIOLET SPECTRA OF SHOCK-HEATED
Cis-AND-Trans-1.2-DICHLOROETHYLENE S. H. Bauer {Cornell
U.), H. Kiefer (N. Mex. U.), and N. C. Rol {Haarlem, Netherlands)
p81-89 20 refs (See N63-18508 17-07)

10. SPECTRA OF ALKALI METAL-ORGANIC HALIDE
FLAMES W. J. Miller and H. B. Palmer (Penn. State U.}) p 90-
95 12 refs (See N63-18509 17-07)

11. SPECTRAL EMISSIVITY OF THE 43 u CO, BAND
AT 1200°K. U. P. Oppenheim (Israel Inst. of Tech., Haifa)
p96-101 20 refs (See N63-18510 17-07)

12. THE EMISSIVITY OF LUMINQOUS FLAMES R. G.
Siddall and |I. A. Mc Grath (Sheffield U} p 102-110 9 refs
(See N63-18511 17-26)

13. THE THERMAL RADIATION THEORY FOR PLANE
FLAME PROPAGATION IN COAL DUST CLOUDS R. H.
Essenhigh (Penn State U.) and J. Csaba (C.E.G.B., Gt. Brit.}
p111-125 34 refs (See N63-18512 17-26)

REACTION KINETICS—I

14. FLAME CHARACTERISTICS OF THE DIBORANE-
HYDRAZINE SYSTEM M. Vanpée. A. H. Clark. and H. G.
Wolfhard (Thiokol Chemical Corp.) p 127-136 33 refs (See
N63-18513 17-26)

15. MAGNESIUM-OXYGENDILUTEDIFFUSION FLAME
G. H. Markstein (Cornel! Aeron. Lab., Inc.) p 137-147 37 refs
(See N63-16229 16-22)

16. STUDIES OF THE COMBUSTION OF DIMETHYL
HYDRAZINE AND RELATED COMPOUNDS P. Gray and M.
Spencer {Leeds U.) p 148-1567 8 refs (See N63-18514
17-26)

17. THERMAL DECOMPOSITION OF WOOD IN AN
INERT ATMOSPHERE A. F. Roberts and G. Clough (Safety
in Mines Res. Estab., Gt. Brit.}) p 158-166 8 refs (See N63-
18515 17-07)

18. ISOTOPIC CARBON AS A TRACER IN COMBUS-
TION RESEARCH C. F. Cullis, A. Fish, and D. L. Trimm {imp.
Coll. of Sci. and Tech., Gt. Brit.) p 167-176 16 refs (See
N63-18516 17-26)

REACTION KINETICS—II

19. THE KINETICS OF THE CARBON MONOXIDE
FLAME BANDS M. A A Clyne and B. A. Thrush (Cambridge
U) p 177-183 16 refs (See N63-18517 17-286

20. THE SELF-INHIBITION OF GASEOUS EXPLO-
SIONS, R. R. Baldwin, N. S. Corney, P. Doran, L. Mayor, and
R. W. Walker (Hull U) p 184-192 23 refs (See N63-18518
17-26)

21. A SHOCK TUBE STUDY OF IGNITION OF METH-
ANE-OXYGEN MIXTURES T. Asaba, K. Yoneda. N. Kakihara,
and T. Hikita (Tokyo U.}) p 193-200 24 refs (See N63-18519
17-26)

22. THE NATURE AND CAUSE OF IGNITION OF HY-
DROGEN AND OXYGEN SENSITIZED BY NITROGEN DIOX-
IDE P. G. Ashmore .and B. J. Tyler (Cambridge U} p 201-
209 14 refs (See N63-18520 17-07)

HYDROGEN-OXYGEN REACTION
23. RATES OF SOME ATOMIC REACTIONS INVOLV-

Pl I H
iNG HYDROGEN AND OXYGEN M. A. A Clyne {Cambridge

U) p 211-219 25 refs (See N63-18521 17-07)

24 KINETICS IN HYDROGEN-AIR FLOW SYSTEMS:
I. CALCULATION OF IGNITION, DELAYS FOR HYPER-
SONIC RAMJETS E. D. Taback, R. F. Buswell (Pratt and
Whitney Aircraft), and I. N. Momtchiloff (Northern Res. and

N63
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Eng. Corp.. Gt. Brit.) p 220-230 25 refs (See N63-18522
17-07)

25. KINETICS IN HYDROGEN-AIR FLOW SYSTEMS:
Il. CALCULATION OF NOZZLE FLOWS FOR RAMJETS V. J.
Sarli. A, W. Blackman, and R. F. Buswell (Pratt and Whitney
Aircraft) p 231-240 21 refs (See N63-18523 17-11)

26. CATALYSIS OF RECOMBINATION IN NONEQUI-
LIBRIUM NOZZLE FLOWS A. Q. Eschenroeder and J. A. Lordi
{Cornell Aeron. Lab., Inc.) p 241-256 26 refs (See N62-
14369 12-27)

27. ENERGY TRANSFER FROM HYDROGEN-AIR
FLAMES R. A. Cookson and J. K. Kilham (Leeds U) p 257-
263 24 refs (See N63-18525 17-26)
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NG63-18636 Aerojet General Corp.. Downey. Calif.
DEFLAGRATION CHARACTERISTICS OF AMMONIUM
PERCHLORATE AT HIGH PRESSURES

0. R. lrwin, P. K. Salzman, and W. H. Andersen /n Ninth Symp.
{intern.) on Combust.. Cornell U., Ithaca. N.Y.. Aug. 27-Sept.
1, 1962 1963 p 354-365 20 refs {See N63-18501 17-26)
{Contract NOrd 18487)

The deflagration characteristics of pure ammonium per-
chlorate (AP) strands have been investigated by means of a
closed-bomb strand burning technique at pressures from 1000
to 23.000 psi. The data are in general agreement with vented-
chamber AP burning-rate data of other investigators at pres-
sures from 1000 to 5000 psi. At pressures above 5000 psi
{the pressure limit of previously reported studied). a marked
increase in pressure dependence of the linear burning rate
occurs. It is postulated that the observed increase in burning
rate resuits from an increased burning surface area. i.e.. surface
breakup. under the action of the very high pressures existing in
the closed bomb. The action of pressure. or stress. upon the
burning surface can produce shearing giving rise to increased
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burning area by forming new cracks and pores or by enlarging
existing cracks and pores. it appears reasonsble that the rate
at which such cracks can propsgste in a8 material under an
applied stress will be determined by the mechanical properties
of the material. The crack growth process has therefore been
analyzed in terms of a theory. due to Eyring. which relates
creep and fracture to fund tal ic and lecular prop-
erties of & material. A geometrical model is presented which
considers the accelerated burning pr as a develop t of
micro-cracks that form into conicslly-shaped burning surfaces.
the area of which depends upon the pressure. The model is in
good agreement with the experimental burning-rate data and
with the pressure versus time data for individual burning-rate
experiments at pressures above 5000 psi. Author

NG3-185637
Brit.)

A SIMPLE THEORY OF SELF-HEATING AND ITS APPLICA-
TION TO THE SYSTEM AMMONIUM PERCHLORATE AND
CUPROUS OXIDE )

P. W. M. Jacobs and A. R. Tariq Kureishy /n Ninth Symp.
{intern.) on Combust.. Cornell U., Ithaca, N.Y., Aug. 27-Sept. 1.
1962 1963 p 366-370 18 refs (See N63-18501 17-26)

The approximations ususlly made in theories of self-heat-
ing are discussed briefly. It is pointed out that kinetic experi-
ments close to the critical ignition state yield resuits for the
fractional decomposition a as a function of time t which depart
from the kinetic law applicable at lower temperatures. Never-
theless, these a(t) curves can be anaiyzed to yield effective
rate constants which depend on the temperature of the sur-
rounding (To) rather than on the temperature of the reactant
(which is. of course, a function of time). A theory of seif-
heating is developed using these effective rate constants. and
this is applied to the calculstion of igniti times and self-
heating curves. Results are in good agreement with exper-
iment. Author

Imperial Coll. of Science and Tech.. London (Gt.

NG63-185668  Atlantic Research Corp.. Alexandria, Va.
COMBUSTION STUDIES OF SINGLE ALUMINUM PARTI-
CLES .

R. Friedman and A. Macek /n Ninth Symp. {Intern.} on Com-
bust.. Cornell U., Ithaca, N.Y., Aug. 27-Sept. 1, 1962 1963
p 703-712 12 refs (See N63-18501 17-26)

{Contract Nonr 1858(25). Proj. Squid)

Earlier work of the authors, both experimental and theo-
retical, on ignition and combustion of single aluminum particies
at atmospheric pressure is briefly reviewed. and new exper-
imental data, obtained by two methods. are presented. In the
first method, the sluminum particles are injected into the
stream of hot gases generated by means of a flat-fiame burner.
In the second method, the particles are burned in the combus-
tion products of ammonium perchlorate flames with organic
fuels added. In both cases, aluminum is burned in an atmos-
phere of controlled temperature and composition. 1t is con-
cluded that ignition occurs only. upon melting of the oxide
layer (m.p.. 2300° K) which coats the particle. The process of
ignition is not affected by the moisture content of the hot
ambient gas and only slightly by its oxygen content. On the
other hand. there are distinct effects of oxygen and of water
vapor on combustion of the metal. Oxygen promotes vigorous
combustion, and. if its concentration is sufficiently high. there
is fragmentation of particles. In the virtual absence of water,
diffusion and combustion take place freely in the gas phase.
whereas in the presence of significant amounts of water, the
process is impeded and confined to 8 small region, because the
reactants must diffuse through a condensed oxide layer. Author

NG3-18834  Aerojet-General Corp.
Sacramento. Calif.

STORABLE LIQUID PROPELLANTS., NITROGEN TETROX-
IDE/AEROZINE S0

Liquid Rocket Plant,




W. R. Fish et al ,June 1962 384 p
(LRP-198 {2d Ed.}))

The advantages of nitrogen tetroxide (N204). and Aero-
zine 50, storable liquid propellants, over current nonstorable
systems are given as: stability in closed tankage over long
periods and hypergolic ignition. These propellants permit the
design of high performance. instantly ready, simple, reliable
propulsion systems. In this report, the characteristics of nitro-
gen tetroxide and Aerozine 50 that are discussed include:
chemical and physical properties: material compatibility. stor-
ability; the detection and natural decay of propeliant vapors;
safety; propellant pressure effects. fume. fire, and explosion
hazards; test operation: and cleaning and decontamination
procedures. D.ER.

N63-18899  Atlantic Research Corp., Alexandria, Va.

A PROGRAM TO ADVANCE THE TECHNOLOGY OF FIRE
EXTINGUISHMENT (HYDROGEN-OXYGEN) [Annual Report]
Apr. 1962-Mar. 1963

M’ Markels, Jr.. R. Friedman, A. Macek, W. Haggerty. and R.
Eichbauer Wright-Patterson AFB, Ohio, AF Aero Propulsion
Lab., Mar. 1963 76 p 15 refs

{Contract AF 33(616)-8110)

(ASD-TDR-62-526. Pt. I}

The second year's effort included the study of (1) sup-
pression of gaseous hydrogen-oxygen detonations, (2) methods
for controlling liquid-hydrogen combustion, and (3) extin-
guishment of liquid hydrogen-metal slurry fires. Of several
gaseous inhibitors for 62:38 (percent by volume) mixtures of
hydrogen and oxygen. isobutene was found to be the best from
evaluations of several low-molecular-weight alkanes and
alkenes, acetylene, methyl halogenides. chlorine. and penta-
carbony! iron. isobutene was effective at a concentration of
1 percent. Confined liquid-hydrogen combustion was effec-
tively suppressed by air-halogenated hydrdcarbon mixtures with
13 to 65 percent of inhibitor. It was also shown that effective
concentrations can be predicted from standard flammability
data Confined liquid-hydrogen combustion was extinguished
by either powdered solids or liquid agents. Potassium bicarbo-
nate and halogenated hydrocarbons were most effective of the
substances studied. Minimum amounts for extinguishing fires
of liquid hydrogen. burning at a rate of 1 liter/hour, ranged from
0.51t0 0.8 gram. Author

N63-19099 Cryogenic Engineering Lab., National
of Standards, Boulder, Colo.
EXPERIMENTAL DETERMINATION OF THE BULK DENSITY
OF BOILING LIQUID OXYGEN
R.W. Arnett, D. R. Millhiser. and W. H. Probert {1962] 17 p
5 refs For presentation at the Cryogenic Eng. Conf., Calif. U,
Los Angeles, Aug. 14-16, 1962
(NASA Order R-249)
{Preprint Paper E-4) Available from Cryogenic Data Center,
NBS, Boulder, Colo.: $1.00

Results of an experimental program aimed at determining
the bulk density of boiling liquid oxygen are presented. A
comparison is made between the results of this study and that
of previously reported experimental work. Comparison is also
made with the results of a theorstical analysis. Curves are pre-
sented showing the variation of liquid density with ullage pres-
sure. liquid-depth-to-tank-diameter ratio, and liquid depth. Tem-
perature distribution within the boiling liquid oxygen is also
shown. Resulits of the study tend to support the hypothesis
that the bulk density of boiling liquid oxygen differs only
slightly from the saturation density. Author

Bureau

N63-19102
Mass.
RESEARCH ON SYNTHESIS OF NEW OXIDIZERS FOR
SOLID PROPELLANTS Quarterly Technical Summary Report
No. 4, Apr. 1, 1962-June 30, 1963

Monsanto Research Corp. Boston Labs.. Everett,
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James W. Dale. Stephen P. Terpko. and George A. Tsigdinos
July 23, 1963 18 p 8refs

{Contract AF 04{611)-8520; ARPA Order 352)

(MRB-2022Q4)

The two major areas of work consisted of (1) study of the
behavior of binary combinations of energetic fluorine-containing
oxidizers in liquid OF, as a solvent. and (2) study. using con-
ductimetric titrations, of metathetic reactions involving com-
pounds containing CiF*. CiF4~ and F~ ions in liquid CIFj.

Author

N63-19272 Institute for Defense Analyses. Research and
Engineering Support Div.. Washington, D.C.

AN ANALYSISOF THE MATERIALS PROBLEM FOR THROAT
INSERTS OF HIGH ENERGY SOLID PROPELLANT ROCKETS
Walter H. Jones and Lawrence J. Delaney Nov. 962 145 p
52 refs

(ARPA-SD-50; Proj. PRINCIPIA)

(IDA-TR-62-19; UBG-62-559)

The materials problem for throat inserts of high-energy
solid propellant rockets is analyzed. The major conclusion is
that graphite inserts can probably be designed which will with-
stand the thermal, mechanical. and chemical environments to
be expected. The principal problem to be solved is the control
of graphite erosivity. A computer program was developed
which enables calculation of graphite erosion, account being
taken of the chemistry of the exhaust stream. the temperature
history of the wall material, the ballistic effects of erosion.
the rates of diffusion of the corrosive species and corrosion
products through the boundary layer. and the chemical kinetics
of the surface reactions. Semiquantitative agreement with
experiment is found. Author

N63-19645  Air Force Systems Command. Wright-Patterson
AFB. Ohio Foreign Technology Div.

THE CHEMISTRY OF REACTION FUELS (FUELS FOR AIR-
REACTION AND ROCKET ENGINES) [KHIMIYA REAKTIV-
NYKH TOPLIV (TOPLIVA DLYA VOZDUSHNOREAKTIVNYKH
1 RAKETNYKH DVIGATELEY]]

Ya. M. Paushkin Nov. 8. 1963 729 p 419 refs Transl into
ENGLISH from Moscow, Acad. Sci. {(USSR). Inst. Petrol.-Chem
Syn., 1962 437 p

(FTD-TT-62-1417/1+2+3+4)

This review presents an extensive coverage of the following:
t1) hydrocarbon fuels (propeillants) for use in air-breathing
engines and in liquid- and solid-propeliant rocket engines:
(2) fuels for liguid- and solid-propeltant rocket engines; and
(3) oxidizers foruse inliquid-propellantrocketengines vl

N63-19845  Aerojet-General Corp.. Azusa, Calif.
TOXIC HAZARDS EVALUATION OF TITAN Il TEST FIRINGS:
METHODS AND RESULTS OF LABORATORY AND FIELD
INVESTIGATIONS |[Final Report, Apr. 1962-Jan. 1963)
M.  Kennebeck, Jr., R. Wetherington (McClelilan AFB), D. A.
Nole. H, Roby, and M_ Y. Longley Wright-Patterson AFB, Ohio,
Biomedical Lab.. June 1963 77 p 20 refs
{Contract AF 33(616)-7836)
{Rept. 2652; AMRL-TDR-63-52) OTS: $2.00

Toxicologically significant environmental contamnants
near Titan |l test-stand facilities were studied. with specially
developed field and laboratory techniques, primarily to deter-
mine the degree of hazard associated with exhaust constituents
for exhaust products that were identified and quantitatively
evaluated. it was found that normal test firings create no sig-
nificant personnel hazard in test areas and that. with proper
treatment procedures. no significant water-pollution problems
are created. A method for determining Titan |l test-firing
contributions to @ community-air-poliution situation was also
developed. This study emphasizes the need for investigation

N63
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of more-refined atmospheric-analysis techniques and instru-
ments to determine trace contaminants resulting from static
and dynamic missile finngs. Detailed analytical methods for
field samples containing unsymmetrical dimethylhydrazine.
hydrazine, and nitrogen dioxide are presented Author

N63-19901 Astropower, Inc.. Newport Beach, Calif.
COMPATIBILITY OF STRUCTURAL MATERIALS WITH
HIGH PERFORMANCE O-F LIQUID OXIDIZERS Quarterly
Progress Report, 15 March-15 June 1963
S.W.Pohl, N. A Tiner. and W. D. English [1963]
(Contract AF 33(657)-9162)

(Rept. 112-Q4)

This report is on the compatibility of structural materials
with fluorine oxide, perchloryl fluoride-tetrafluorohydrazine
{1:1) blend. and ozone fluoride-LO, solutions. Preliminary
{1- and 21-day) exposures of structural materials to liquid
F,0 and FCIO3-N,F4 were completed Long-term (four-
month and one-year) exposure tests are underway. Author

89 p

N63-20061 Stanford Research Inst.. Menlo Park. Calif.
INITIATION OF DEFLAGRATION WAVES AT SURFACES
OF AMMONIUM PERCHLORATE-COPPER CHROMITE-CAR-
BON PELLETS

Marjorie W. Evans. Rodney B. Beyer. and Leonard Mc Culley
Aug. 19, 1963 32 p 28 refs

(Contract Nonr-3415(00))

A study was made of the initiation of a deflagration wave
at the surface of ammonium perchlorate-copper chromite-
carbon pellets in nitrogen at 25 atmospheres. The relation-
ship between energy flux density | and exposure time =,
which defines the family of boundary conditions necessary
and sufficient to cause initiation, was measured. Theoretical
analysis was made by means of the partial differential equa-
tion which describes the space-time temperature distribution
in the pellet in terms of chemical reaction rate. heat of reac-
tion, thermal conductivity, heat capacity. optical absorptivity,
and surface reflectivity. Integration of the equation using
the experimentally determined chemical and physical param-
eters and boundary conditions gave the temperature of the
pellet—and in particular the temperature of the pellet sur-
face—as a function of time. with flux as a parameter. From
this solution one obtained for given flux density (1) the tem-
perature T(O.r|) of the initiating surface at the moment r|
of cutoff of the energy pulse and (2) a lower bound for the
minimum thermal ignition time r,,,. The T(O.r;) for am-
monium perchlorate with 5% copper chromite was 380+31°C.
It was drastically lowered when carbon was added, the amount
of lowering being proportional to carbon concentration. |t
ranged from 300° to 215°C for carbon percentages ranging
from 0.5 to 4. For given composition T(O.7}) was independ-
ent of flux density over the range 9 to 63 cal/cmZ-sec. Initia-
tion occurred substantially before the calculated minimum
thermal ignition time r7,,. The results provide support for
the view that thermal ignition of the solid maternal is not a
prerequisite for imtiation of a deflagration wave. Author

N63-20643 Aerojet-General Nucleonics, San Ramon, Calif.
HYDRAZINE PROCESS DEVELOPMENT Interim Report,
May-July, 1963
J. C. Whipple et al 1963 146 p
{Contract AF 33(600)-42996)
(AGN-AN-1013; ASD-TR-7-840A(X))

Progress was reported on a program which was undertaken
to develop. design. construct. and operate a continuous in-
reactor loop as well as the associated fuel handling and

24

product purification sections. Work necessary for the develop-
ment of the loop and its components included studies in decon-
tamination. purification, fuel cycle materials, chemical anal-
ysis. energy deposition. and reactor physics. Secondary
support to the program included capsule yield studies, basic
studies of ion and free radical yield. and new product investi-
gation. The results of these tasks will be coordinated to pro-
vide preliminary design and cost estimates for a self-critical
pilot plant and prototype production plant. Areas in which
work was concentrated were; chemical processing, materials
science, in-reactor engineering. equilibrium hydrazine con-
centration, mechanisms involved in fission fragment radiolysis
of ammonia. nuclear engineering. and program scheduling.

C.LW.

N63-20943 Stauffer Chemical Co.. Richmond. Calif. Rich-
mond Research Center

HIGH ENERGY OXIDIZERS Quarterly Technical Summary Re-
port, May 1, 1963-Aug. 1, 1963

K. O. Christe and A. E. Pavlath [Aug. 23. 1963}
(Contract Nonr-4019(00))

In the investigation of chlorinetrifluoride complexes. modi-
fication was made on the vacuum line. mostly to make its
operation safer. Oleum. fluorosulfonic acid. sulfurtrioxide.
and BrFg were investigated as possible solvents for the com-
plexes in the NMR studies. The first three gave chemical inter-
actions, while BrFg exchanged fluorine with the complexes.
infrared studies were made on CIF3. AsFg (both in solid
and gas phase). KAsFg and CIF; YAsFg™ Different windows
were used and the application of KBr coated with a thin
Kel-F layer was found to be the most suitable among the
possible solutions. Definite proof was obtained for the pres-

1M p 1 ref

ence of the AsFg™ Author
N63-21007 Wissenschftliche Gesellschaft far Luft- und
Raumfahrt, Cologne (W. Germany)

PROPELLANTS AND ROCKET TECHNOLOGY [TREIB-

STOFFE UND RAKETENTECHNIK]

A. Dadieuand K. Dreyer 17 p In GERMAN Proc. of the Joint
Meetings of the Comms. on Propellants and Rocket Technol-
ogy. Ottobrunn, Mar. 3, 1962

(WGL-2/1962)

Abstracts are presented of the following speeches: (1)
High-Performance Liquid-Propellants for Rockets: (2) Liquid-
Fluorine Rocket Propellants; and (3} Production and Handling
of Liquid Fluorine. lv.L

N83-21071
dena
HYDRAZINE MONONITRATE
MENTAL PHYSICAL DATA
Stephen P. Vango and John B. Krasinsky Mar. 24, 1963 15 p
1 ref
{NASA Contract NAS7-100)
(NASA CR-50970: JPL-TM-33-122) OTS: $1.60 ph. $0.80 mf
The density, vapor pressure, viscosity, and freezing point
are reported for a solution of hydrazine mononitrate dissolved
in hydrazine with approximately 1% water added. Author

Jet Propulsion Lab.. Calif. Inst. of Tech., Pasa-

IN HYDRAZINE, SUPPLE-

N63-21363  Schjeldahi {G.T.) Co.. Northfield. Minn.
EVALUATION OF THE COMPATIBILITY OF POLYVINYL-
1{DENE FLUORIDE (KYNAR) WITH STORABLE LIQUID PRO-
PELLANTS (NITROGEN TETROXIDE AND HYDRAZINE)
Final Report

Herbert J. Fick Jan. 30, 1963 23 p 11 refs
Jet Propulsion Lab. Pasadena, Calif.

Prepared for




(NASA Contract NAS7-100. JPL Contract NI-120421)
{(NASA CR-50999) OTS: $2.60 ph, $0.89 mf

An evaluation is made of polymeric materials potentially
usable to construct expulsion membranes for storable liquid
propeliants. such as nitrogen, tetroxide, and hydrazine. The
material studied was polyvinylidene fiuoride available as Kynar.
The polyvinylidene fluoride polymer is unattached chemically
by N2O4 or hydrazine. Swelling occurs with N;O4. and some
brittieness develops on long contact with hydrazine. The test-
ing conducted with polyvinylidene fluoride and Teflon FEP
indicated promise for the former for use in applications of inter-
mittant exposure or where permeability is not an important
factor. Evidence was obtained to indicate that polyvinylidene
fluoride films can be oriented by application of strain at a proper
temperature. Sensitivity of the material to melt fracture and
to temperature is sufficiently great to indicate that operation
within very narrow limits will be necessary. J.R.C.

N63-21722
dena
CHLORINE TRIFLUORIDE-HYDRAZINE LIQUID PROPEL-
LANT EVALUATION AND ROCKET MOTOR DEVELOPMENT
Walter B. Powell, James P. Irving, and Merle E. Guenther May
15, 1963 57 p 7 refs
(NASA Contract NAS7-100)
(NASA CR-51004; JPL TR-32-305) OTS: $5.60 ph, $1.91 mf
The chlorine trifluoride-hydrazine liquid bipropetiant com-
bination is storable and hypergolic: it has a high average density
and gives a moderately high specific impuise. During an ex-
perimental program. this propeilant was handled and used for
rocket motor firings. A multielement “‘cup and plug” injector
was developed which gave good performance and had a reason-
able lifetime when used with this propellant. Heat-transfer-
rate profile in the chamber and nozzle were determined calori-
metrically from tests of a water-cooled sectional rocket motor.
Chamber heat transfer determined by the thermocouple-piug
transient-temperature measurement method was in good
agreement with-the calorimetric data. The chlorine trifluoride-
hydrazine propeilant can be recommended where high density
and good performance are required. and for application where
short-duration uncooled motors are appropriate. Author

Jet Propulsion Lab.. Calif. Inst. of Tech., Pasa-

N63-21805 Purdue U, Lafayette. ind. Jet Proouision Center
THE COMBUSTION OF HYDRAZINE GEL

Richard J. Zabelka Mar. 1963 33 p 5 refs For presentation
at the 1963 Spring Meeting. Western States Sect.. the Com-
bustion Inst.

(WSS/CI Paper 63-1)

A study is made to determine the effects of chemical reac-
tions, fluid flow, oxidizer concentration, heat transfer, fuel com-
position, and chamber geometry upon the combustion proc-
esses of selected hybrid propellants. Results are presented on
the study of the combustion of a hydrazine gel (HG) fuel utiliz-
ing gaseous oxygen as the oxidizer. The experimental results
indicate that the decomposition rate of the HG is a function of
the heat transfer from the flame to the burning surface and the
surroundings. The limiting burning rate of the HG was roughly
proportional to the pressure. although there is considerable
scatter to the experimental points. The burning rate of the HG
was found to be a linear function of the velocity of the injected
oxidizer over a large range of velocities. J.R.C.

N63-21913
Calif.
ZERO-G PROGRAM Final Report, May 1960-Mar. 1962
J. E. Sherley Aug. 15, 1962 105 p 40 refs

General Dynamics/Astronautics, San Diego.
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{(NASA Contract NAS8-2664 and Contract AF 18(600)-1775)
(NASA CR-51278; AY62-0031) OTS: $9.10 ph, $3.35 mf
Results of the theoretical and experimental zero-gravity
program carried out in support of the Centaur design and de-
velopment program included the following: (1) parameters
governing the liquid-gas configuration in the Centaur tanks
were determined; (2) the behavior of the hot-wire liquid-vapor
sensor was established: {3) with a maximum expected heating
rate on the Centaur cyl'ndrical tank walls of 25 Btu/hr-ft2,
boiling will most likely occur while the vehicle is in the park-
ing orbit and transfer ellipse: (4) no additional complications
to the settling problem need be feared from the eventuality
of liquid hydrogen impinging against warm unwetted surfaces;
and (5) Centaur orientation maneuvers will cause considerable
liquid rotation, but will not cause the liquid to be dispersed
throughout the tank. P.V.E.

N63-22181 Air Products and Chemicals, Inc., Allentown, Pa.
DEVELOPMENTAL TESTS FOR THE LIQUID HYDROGEN
SERVICING SYSTEMS, COMPLEX 378, SATURN C-1, CAPE
CANAVERAL, FLORIDA
R. E. Sotak Feb. 28, 1962 105 p
(NASA Contract NAS8-1546. APCI Proj. 00-1-3140)
(NASA CR-51733) OTS: $9.10 ph, $3.35 mf

A liquid hydrogen service system to include a storage pres-
sure maintaining vaporization coil. a vehicle vent to eliminate
hydrogen vapors by burning them in a water pit. a liquid hydro-
gen subcooler to cool the hydrogen on its way to the vehicle.
and a coid gas vacuum pump to operate the liquid hydrogen sub-
cooler are investigated. Uw.L

N63-22347 Gottingen U (W. Germany)

DETONATION AND SHOCK TUBE STUDIES OF HYDRAZINE
AND NITROUS OXIDE

A. Jost, K. W. Michel. I. Troe. and H. Gg Wagner Wright-
Patterson AFB. Ohio. ARL, Sept. 1963 75 p 49 refs

{Contract AF 61(514)-1142)

(ARL63-157)

No detonations could be produced in mixtures contaimning
tess than 7 vol.% of N2O.  Pure hydrazine shows a detonation
velocity of about 2450 m/sec. which is close to the theoretical
value calculated on the assumption of chemical equihibrium in
the Chapman-Jouguet region. The measured velocities meet
some of the critena for stable detonations  Spectroscopic
investigations of the wake behind NyH,4 detonations. however,
revealed great amounts of ammonia which had not yet disap-
peared 300 usec behind the detonation front In compiling
data for the understanding of the kinetic aspects of the above
detonations. shock-tube studies of the pyrolysis of nitrous
oxide and hydrazine have been continued. Absorption coeffi-
cients of N2O up to 1800° K have been measured. In the
temperature interval from 1530° K to 1820° K and at total gas
densities of 1.5-107% mole/cm3 (6 atm) The inital decom-
position rate of NoO mixed with an excess of Ar 1s gven by
the rate law ky — 10'08.¢xp(—60 000/RT) sec™! This is in
agreement with results from measurements of the ummolecular
decomposition rate at low temperatures. Measurements of the
decomposition rate of hydrazine behind reflected shock waves
with an excess of He have been extended up to temperatures
of 1550° K. Using He as a carrier gas reduces schlieren effects
and facilitates the kinetic evaluation of short reaction periods.
even though the shock-front curvature has to be accounted for.
Limitations of the present shock tube are indicated. and a new
tube, which has been constructed to meet more stringent
requirements. is described. Author
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N63-22477 Bureau of Mines. Pittsburgh, Pa.

REVIEW OF FIRE AND EXPLOSION HAZARDS OF FLIGHT
VEHICLE COMBUSTIBLES

Robert W. Van Dolah, Michael G. Zabetakis, David S. Burgess.
and George S. Scott 1963 85 p 228 refs

{Contract DO {33-616)60-8)

{BM-1C-8137)

This circutaris a compilation of the available characteristics
data for a series of combustibles and oxidants of current inter-
est. Vapor-pressure data are presented for fluorine., oxygen.
chlorine trifluoride, nitrogen tetroxide. nitric acid. hydrogen
peroxide, ethylene oxide, hydrogen, ammonia. pentaborane,
unsymmetrical dimethylhydrazine, monomethylhydrazine. hy-
drazine, and a series of hydrocarbons including decalin, tetralin,
bicyclohexyl. and other high-density fuels. In addition. flam-
mability characteristics diagrams are included for each of
the fuels in contact with air and, where available. other
oxidants {for example. oxygen and nitrogen tetroxide). To
assist in understanding these data, sections on definitions,
theory, and applications have been included. Author

N63-22795  Astropower. Inc.. Newport Beach, Calif.
SOLUTION AND CONDUCTIVITY STUDIES IN FLUORINE
CONTAINING LIQUID OXIDIZERS Quarterly Progress Report,
10 June-10 Sept. 1963
W. D. English and A. V. Brown {1963] 22 p 4 refs
(Contract DA-31-124-AR0(D)-115; ARPA Order 470)
(Report 144-Q1)

Construction of a new fluorine laboratory was completed.
Initial miscibility and conductivity studies have been carried out.

Author

N63-22817 Battelle Memorial Inst., Columbus, Ohio De-
fense Metals Information Center

REACTIVITY OF TITANIUM WITH GASEOUS N304 UNDER
CONDITIONS OF TENSILE RUPTURE

J. D. Jackson, P. D. Miller and W. K. Boyd Aug. 1. 1963 10p
4 refs

{Contract AF 33(616)-7747)

(DMIC Memo. 173}

Titanium is known to be impact sensitive in liquid N,O4.
although it is much less sensitive to impact in this medium
than in liquid oxygen. A limited study was made to determine
whether reactions can occur between a freshly ruptured
titanium surface and gaseous N;04. similar to reactions be-
tween titanium and gaseous oxygen. Experimental conditions
were chosen which were more severe than those existing in
actual service. No reactions were observed when commer-
cially pure titanium or Ti-6Al-4V was ruptured in gaseous
N2O4 at pressures as high as 535 psi and at a temperature of
about 260°F. Author

N63-23574
Station
ENVIRONMENTAL POLLUTION BY MISSILE PROPELLANTS
{Final Report, Jan. 1962-Nov. 1962]
Waiter W. Heck, Morris E. Bloodworth. William J. Clark,
Dale R. Darling, and William Hoover Woright-Patterson AFB,
Ohio, Biomed. Lab.. Aug. 1963 89 p refs
{Contract AF 33(616)-7801)
(AMRL-TDR-63-75) OTS: $2.25

Experimental procedures were developed to study the
effects of hydrazine. unsymmetrical dimethylhydrazine {UDMH),
pyridine borane. and nitronium perchlorate on plant growth
and development, soil and soil structure, and aquatic organisms.
Under the conditions used in this study. the four chemicais
do not appear to be important environmental contaminants in
relation to plant growth and development. Both UDMH and
hydrazine are strongly adsorbed or decomposed on clay

Texas A. and M. Research Foundation, College
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particles. Montmoriilonite and kaolinite clays, as well as the
test soils, seem to accelerate the decomposition of the UDMH
and hydrazine. Pyridine borane was adsorbed on the test soils
but apparently was not adsorbed on the pure clays. The aquatic
life was very sensitive to the three organic compounds, and
to some extent to the perchlorate ion. Author

N63-23609 National Aeronautics and Space Administration.
Lewis Research Center. Cleveland. Ohio
REACTION OF HYDRAZINE AND NITROGEN TETROXIDE IN
A LOW-PRESSURE ENVIRONMENT
Robert A. Wasko Repr. from AIAA Journal, 1963 1 p

A preliminary study was made of the reaction NaH,4 and
N204 at pressures as low as 10~% torr (mm Hg). A steel vac-
uum tank served as a vessel wherein stoichiometric quantities
of these propellants. separately encapsuled in glass tubing
under atmospheric pressure and at room temperature. were
broken simultaneously. Results indicate that: (1) an explosive
reaction occurs only when a sufficient quantity of propeliant
was used to produce a vaporized mixture pressure greater than
4 torr. (2) the reaction changed from an explosion to a slower
reaction, for the decade of initial ambient pressure from 10~!
to 1 torr. as evidenced by a decrease in the magnitude of the
explosion pressure and an increase in the reaction delay time;
and {3) the N,O4 vaporized more quickly than NaH4 and the
temperature decrease due to vaporization was sufficient to
cause freezing of a portion of the NyH4 l.v.L

N63-23789 Army Missile Command. Huntsville, Ala
CHEMISTRY OF CERTAIN INORGANIC FLUORIDES OF
NITROGEN

A. V. Pankratov Oct. 8, 1963 Transl. into ENGLISH from
Uspek. Khimi., v. 32, no. 3. p 336-353 (1963) refs
(RSIC-77)

A survey is given that is devoted to the chemistry of the
enumerated nitrogen fluorides. The survey includes: studies
of the structure of the nitrogen trifluoride molecule; physico-
chemical and chemical properties of tetrafluorohydrazine;
studies of difluoramine and chiorodifluoramine. and fluorine

azide and isomers of difluorodiazine CLw.
N64-10128 General Dynamics/Astronautics, San Diego,
Calif.

LIQUID HYDROGEN TECHNOLOGY
Sept. 1962 313 p refs
(AE62-0774)

This report contains information on liquid hydrogen as re-
lated to its use as a propellant of space vehicles, e.g., the
hydrogen fueled Centaur for NASA. The following areas are
included: (1) manufacture: (2) current methods for transporting
liquid hydrogen: {3) the four main hazards associated with the
use of liquid hydrogen with respect to the design and operation
of a liquid-hydrogen system: (4) material problems encountered
with liquid and gaseous hydrogen contact. (5) cryogenic
insulation; (6) transfer; [7) liguid-hydrogen measurements:
(8) propulsion systems that presently use or contemplate using
liquid hydrogen: (9) sloshing: (10) vortexing: (11) propellant
heating: (12) zero-gravity behavior. (13) space storage: and
{14) properties. lv.L.




N64-10148  Hellmuth Walter GmbH, Kiel (W. Germany)
H,0, AS AN ENERGY SOURCE FOR SPACE FLIGHT (H202
ALS ENERGIETRAGER FUR DIE RAUMFAHRT]
Emil Kruska [1963] 13 p In GERMAN Presented at the Ann.
Meeting of the Wiss. Ges. Luft- und Raumfahrt, Munich, Oct.
8-12. 1963

Five methods for using H20, power in space travel are
discussed. These methods are: (1) simple decomposition. {2)
decomposition and combustion with an average- or high-
energy propeilant, {3) combustion in a solid-liquid bipropel-
lant system, and (4) as an oxygen supply in a fuel element.
The various uses of H205 include: (1) warming and air purifi-
cation of space cabins. {2) driving turbogenerators, and (3)
utilization in propeliants. l.v.L.

N64-10991 Canadian Armament Research and Develop-
ment Establishment, Valcartier

METHODS OF CHEMICAL ANALYSIS OF CARDEPLEX
PROPELLANT No. 4760/A5 AND ITS INGREDIENTS

R. Mac Donald and A. M. Bedard Mar. 1963 36 p
{CARDE TR-426/63)

This report describes the methods currently used to con-
trol the manufacture of ammonium perchlorate-polyurethane
propeilant. Most of these methods are concerned with pro-
peliant formulation No. 4760/A5. The analysis of starting
materials is given. Control analyses of premixed ingredients
are described, and the analysis of partially cured and fully cured
propellant is given. Author

N64-12705 Frankford Arsenal, Philadelphia, Pa.

GREASES NONREACTIVE WITH MISSILE FUELS AND OXI-
DIZERS

Joseph Messina Sep. 1963 10 p refs Presented in part at
the Natl. Symp. of the Soc. of Aerospace Material and Process
Engr.. Hollywood, Nov. 1962

(FA-A63-10; AD-422788)

Polytetrafluoroethylene, graphite, and silica greases have
been found to be essentially inert and unreactive with fuels
and axidizers, including ethyl alcohol. hydrocarbon fuel, un-
symmetrical dimethylhydrazine, diethylenetriamine., a 60-40
mixture of the latter two, a 50-50 mixture of hydrazine and
unsymmetrical dimethylhydrazine, hydrogen peroxide, in-
hibited red fuming nitric acid. nitrogen tetroxide, and liquid
oxygen. Impact tests in the presence of lox and N304 indi-
cate nonsensitivity of the greases at high impact energy lev-
els. The greases exhibit adequate lubricating properties. such
as oxidation and mechanical stability, antiwear, extreme pres-
sure, and they are not deleterious to many of the conventional
elastomers used in missile systems. The polytetrafluorethylene
grease was found to be nonexplosive with aluminum when
subjected to mutual shear at high loads. Author

N64-12819  Shell Development Co.. Emeryville, Calif.
FUNDAMENTAL RESEARCH ON ADVANCED OXIDIZERS

Quarterly Technical Report No. 3, June- Aug. 1963

D. W. Barnum, R. M. Curtis, F. S. Mortimer, and J. N. Wilson
[1963] 42p refs

{Contract DA-31-124-ARQ(D)-54. ARPA Order 402)

(S-13892; AD-424753)

The study of “nonbonded” interactions in polyatomic
molecules has been continued with the objective of devel-
oping an improved bond-energy correlation scheme. It has
been found possible to fit many of the Urey-Bradley force
constants for the nonbonded interactions between pairs of
hydrogen. oxygen. fluorine. chlorine. or bromine atoms to
smooth cutves which can be described in terms of a reason-
able potential function which combines an attractive force of
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the London type with a repulsion. Parameters of this poten-
tial function have been determined from the data A computer
program for extended Huckel-type semi-empirical molecular
orbital caiculations has been written and tested. The major
uncertainty in the estimation of the lattice energy of crystals
made up of monatomic ions is the form of the repulsive po-
tential. The form of the repulsive potential and the importance
of second-neighbor repulsions have been reexamined for
sodium chloride and potassium chloride. The lattice energies
and heats of formation of the hypothetical saits NF4F. NF4CIO4,
and (NF4)2S04 are estimated by means of an approximate pro-
cedure due to Kaputinskii. Author

N64-129386 Phillips Petroleum Co.. Bartlesville, Okla.

GAS TURBINE AND JET ENGINE FUELS Progress Report 2
William L. Streets [Oct. 1963] 19p refs

(Contract NOw-63-0406-d)

(Rept. 851-63R. AD-422582)

Efforts included: (1) endurance testing of two promising
new splash-cooled 2-inch test-combustor designs capable of
operating under conditions simulating low-level tactical fighter
attack missions and/or submarine search missions by a regen-
erative turboprop-equipped aircraft; (2) planning and statisti-
cal design of a test program to determine whether or not the
0.4 weight percent maximum total sulfur now allowed in JP-5
fuel is a safe level for protection of modern turbine blading
alloys from hot gas corrosion. These studies will be carried on
with and without ingested sea water to show whether or not
fuel sulfur accelerates sea-salt corrosion. Author

N64-12973  Stanford Research Inst., Menlo Park, Calif.
HIGH ENERGY OXIDIZERS IN SOLUTION Technical Progress
Report No. 1-Quarterly, 1 Jul.-30 Sep. 1963

W.E. Tolberg and M. E. Hill 31 Oct. 1963 14 p refs
(Contract AF 04(611)-9370: ARPA Order 24, Amend. 64)
(AD-423094)

A literature survey was completed, and an al-monel vacuum
system for the production of conductimetrically pure HF was
designed and built. Construction of an all-copper vacuum line
and a8 Kel-F conductometric cell and vacuum system was
begun. Author

N64-12999  Aerojet-General Corp., Azusa, Calif.
CRYOGENIC-SOLID COOLING TECHNIQUES
gineering Report, 1 Jan. 1963-31 Mar. 1963

U. E. Gross Apr. 1963

(Contract AF 33(657)-8863)

(Engineering Rept.-0694-01-3;. AD-403445)

The technique evolved for solidifying liquid hydrogen and
neon to the desired density is described, as are the evaluation
of a prototype model pressure-control valve. and completion
of the deliverable model of the cryogenic-solid cooler.  Author

Interim En-

N64-13099  Stauffer Chemicatl Co., Richmond. Calif. Rich-
mond Research Center

HIGH ENERGY OXIDIZERS
Report, 1 Aug.-1 Nov. 1963
K. O. Christe and A. E. Pavliath [1963] 13 p refs

{Contract Nonr-4019(00): ARPA Order 399-62)

(AD-424714)

This report discusses an investigation on chlorinetrifluo-
ride-based complexes. Some modification was made on the
vacuum line to allow its use in conductometric titration and
molecular-weight determination. At the same time., a dry-box

Quarterly Technical Summary



N64

was assembled for use with chlorinetrifluoride and similar cor-
rosive materials. Low-temperature NMR work was repeated.
but only qualitative proof was obtained for the ionic struc-
ture. The dissociation of the complex was measured in IFg
and found to be complete within the error of the measure-
ment. The ionic structure was proved by conductometric ti-
tration too. The Debye-Stherrer powder diagram was ob-
tained for both KAsFg and CIF o *AsFg™ Author

N64-13283  Jet Propuision Lab.. Calif. Inst. of Tech.. Pasa-
dena
SOME EXPERIMENTAL AND THEORETICAL SIGNIFICANCES
ASSOCIATED WITH IRRADIATED PROPELLANT
Anthony San Miguel and Edward N. Duran 1 Nov. 1963
17 p refs
{NASA Contract NAS7-100)
(NASACR-53012;JPL-TR-32-518) OTS: $1.60ph. $C 80 mf
The mechanical properties of polyurethane solid propel-
lant are degraded significantly by irradiation dosages greater
than 108 rads. Four mechanical tests that provide sufficient
data to characterize the degradation are described. These tests
consist of (1) swelling, {2} torsion. (3) uniaxial tension, and
{4) multiaxial tension and compression. The experimental
data are characterized in terms of average molecular weight
between cross-links{M;). percent sol. small-strain shear
modulus, tension modulus, and strain energy for increasing
irradiation dosage. Conclusions obtained in this study indi-
cate that (1} the usefulness of M. is questionable with re-
gard to defining ionizing radiation degradation in a composite
propellant such as polyurethane. (2) the torsion test is a sim-
ple and expedient method that may be used to study irradiated
propellant quantitatively. (3) certain aspects of the kinetic
theory of rubber elasticity are not quantitatively applicable
to polyurethane propeilant. and {4} the degradation response
of irradiated propellant obtained from a uniaxial tension test
typifies the degradation response of irradiated propellant ob-
tained from multiaxial tests Author
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MEASUREMENT OF THE BURNING SURFACE TEMPERATURES
OF PROPELLANT COMPOSITIONS BY INFRA-RED EMISSION
J. Powling and W. A, W. Smith (Ministry of Aviation, Explosives
Research and Development Establishment, Essex, England).
Combustion and Flame, vol. 6, Sept. 1962, p. 173-181,
Determination of the temperatures of extremely thin surface
layers of burning solid-propellant compositions by measurement
of their IR radiation. The surface temperatures of ammonium=~
perchlorate compositions are examined in some detail, and the
effect of the magnitude of the absorption coefficient of the material
on the observed temperature is demonstrated with this system.
Practical propellant compositions, based on ammonium perchlorate
and containing rather more than stoichiometric proportions of fuel,
* give the same temperature provided that the hot gas emission can
be successfully eliminated, but observed temperatures are in some
instances raised (up to 560°C) by gas interference. It is concluded
that the process taking place at the burning ammonium perchlorate
surface is an equilibrium sublimation process, and that the rate of
consumption of the solid is controlled by subsequent gas-phase re-
actions among the dissociation products.

A63-10182

EXPERIMENTAL PERFORMANCE OF MODEL LIQUID HYDROGEN
SPACE TANKAGE WITH A COMPRESSIBLE SUPER INSULATION.
P. J. Murto, C. R, Lindquist, and L. R, Niendorf (Linde Co.)
Society of Automotive Engineers, National Aerospace Engineering
& Manufacturing Meeting, Los Angeles, Calif., Oct. 8-12, 1962,
Paper 578D. 5 p. 14 refs.

Description of scaled tank tests of compressible insulators in
liquid hydrogen service, which represents a significant indication
of the applicability of the compressed super insulation concept as
a solution to the problem of atmospheric storage of cryogenic fluids.
A detailed description of the apparatus is given, and an analysis of
the results is made, indicating that further research is necessary
for the establishment of design criteria for a particular application.

A63-10205

PROPELLANTS AND COMBUSTION.

Stanford S. Penner (Institute for Defense Analysis, Washington,
D.C.)

Astronautics, vol. 7, Nov. 1962, p. 97, 98.

Brief review of the state-of-the-art of propellants and com-
bustion, including the following areas: (1) steady combustion
processes in a liquid-fuel-rocket engine; (2) burning mechanism
and decomposition rate of ammonium perchlorate; (3) two-phase
flow in nozzles; (4) shock and detonation phenomena; (5) the com-
posite-propellant burning and resonance burning in solid rockets;
(6) supersonic burning; (7) hybrid rockets; (8) combustion procesases
of metals; and (9) nature of the elementary processes responsible
for the ;;roduction of ions and electrons in flames.

A63-10397

DEFLAGRATION OF PRESSED AMMONIUM PERCHLORATE,

M. D. Horton and E. W, Price {(U.S, Naval Ordnance Test Station,
Research Dept., China Lake, Calif.)

ARS Journal, vol. 32, Nov, 1962, p. 1745,

Investigation of the deflagration characteristics of ammonium
perchlorate, with particular reference to the pressure dependence
of the burning rate, the low-pressure deflagration limit, and the
contribution of ammonium-perchlorate deflagration to the amplifica-
tion of pressure waves during combustion instability, Tests at
pressures ranging from 1 to 60 atm to determine the ability of the
deflagration to induce oscillatory combustion in an acoustically

conservative system are described, and preliminary results are
given,

A63-10691
BIG ROCKETS.

Milton W. Rosen (NASA, Office of Manned Space Flight Programs,
Washington, D.C.}
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International Science and Technology, Dec. 1962, p. 66-71, 88, 90.
Discussion of the advances in rocket technology in the US,
The US lag in outer space exploration is attributed to the inability
to launch rockets of great power. The greatest single factor in
rocketry-power progress is said to be the advent of the ballistic
missile as a primary weapon of long-range bombardment. Now
that the technology of rocketry is beginning to advance, the nation's
program of space exploration is accelerating to the point of
optimism regarding impending trips to other planeta. The initial
manned-lunar landing and the return program depend mainly upon
the three Apolle project rockets, the Saturn C-1 and Saturn C-1B,
which will be used for developmental flights in Earth orbit, and the
C-5 Advanced Saturn rocket, which is capable of sending a 90, 000-
Ib spacecraft into lunar orbit, The latter will be powered, in its
first 7,5-million-1b-thrust stage, by five kerosene engines, The
second stage, consisting of a million-1b thrust, will rely upon five
hydrogen-fueled J-2 engines. The last stage will consist of a
single C-5 Advanced Saturn that will launch the three-part Apollo
spacecraft on an escape trajectory to the Moon,

A63-10920

SVILUPPO DEI PROPELLENTI CHIMICI [DEVELOPMENT OF
CHEMICAL PROPELLANTS],

Riccardo Masaniello Corelli (Universitd di Roma, Scuola d'Inge-
gneria Aerospaziale, Rome, Italy).

Misgsili, vol. 4, Aug. 1962, p. 13-24. In Italian,

Classification of high-energy propellants into two broad
categories, The first group, consisting of liquid, solid, and hybrid
(liquid-solid or lithergolic) propellants, is based on the combustive
oxidation-reduction reactions (redux systems). The second
category, based on the metastability of the substance, is the so-
called free-radical group of high-energy fuels, primarily atomic
hydrogen, oxygen, nitrogen, and such radicals as NH3, CH3, and
CaHg. The liquid propellants briefly discussed include oxygen,
ozone, fluorine, boranes, hydrogen, dimethylhydrazine, and
various derivatives of fluorine and boron. The Bolid propellants
mentioned include: (1) the thermoplastics, such as polyvinylchloride
and polyethylene; (2) the thermosetting compounds, such as
polyurethane, epoxy, and polyester resins; and (3) elastomers,
such as polyisobutylene and thiokol, The free-radical group of
fuels offers specific impulses which are incomparably higher than
those offered by the conventional liquid or solid propellants, but it
presents some handling problems that appear to be insurmountable,

A63-11065

MECHANISM OF COMPOSITE SOLID PROPELLANT COMBUS-
TION.

Raymond Friedman (Atlantic Research Corp., Kinetics and Com-
bustion Div., Alexandria, Va.)

Applied Mechanics Reviews, vol. 15, Dec. 1962, p. 935-937.

6l refs,

USAF -supported research.

Brief qualitative review of research on the combustion behavior
of composite solid propellants. The findings most relevant to the
burning mechanism are listed, It is noted that no general solid-
propellant combustion theory encompassing all the phenomena dis-
cussed has yet been advanced. This is not only because of the
formidable mathematical difficulties but also because of uncertainty
concerning the underlying physicochemical parameters.

A63-11418

OFz LOOKS PROMISING AS SPACE-STORABLE PROPELLANT.
D. S. Smith and D. J. Mann (Thiokol Chemical Corp., Reaction
Motors Div., Denville, N,J.)

Space/Aeronautics, vol. 39, Jan. 1963, p. 103-106, 108,

Summary of performance calculations for storable hypergols,
oxygen and borane systems, and fluorinated oxidizers, to determine
payload potential in terms of velocity increment. The increment
is expressed as a function of the specific impulse, the propellant
bulk density, the propeilant-volume-insensitive weight fraction,
and the tankage factor. It is shown that oxygen difluoride,
combined with dimethy! hydrazine (MMH) or B2H2 fuel, may be
considered competitive with O2-H2. The relatively low specific
impulse of the OF2-MMH is offset by its relatively higher bulk
density and better adaptability to the thermal environment of space,



AG63

It is shown that upper stages of the Saturn space vehicle burning
OF-MMH would be shorter by 13 ft than stages burning Oz-Hz.

It is possible, for example, to shorten an Apollo-type vehicle by
nearly seven ft if OF2-MMH is used instead of O2-H. This means
a shortening of the 10-ft-diam. shroud around the propulsion module
that would save about 350 1b.

A63-11568

SOME ASPECTS OF THE CRYSTALLOGRAPHIC TRANSITION OF
AMMONIUM PERCHLORATE.

M. M. Markowitz and D. A. Boryta (Foote Mineral Co., Research
Center, Exton, Pa.)

ARS Journal, vol. 32, Dec. 1962, p. 1941, 1942, 23 refs.
Determination of the enthalpy of transition at 240°C of am-
monium perchlorate from the low-temperature rhombic to the high-

temperature cubic form. Measurements, made by a differential
thermal analysis method as facilitated by the pronounced stabilizing
effect of ammonia gas on ammonium perchlorate at elevated tem-
peratures, indicate the value of the enthalpy to be 2.3 1 0.2
kcal/mole. It is shown that the occurrence of the crystallographic
transition is neglected unjustifiably in tabulations of the thermo-
chemical properties of solid ammonium perchlorate. From published
data on the structural parameters of the high-temperature form of
the compound, its density is computed to be 1. 76, as compared with
1. 95 for the low-temperature polymorph. Thus, at 240°C and
above, propellants containing ammonium perchlorate may be sub-
ject to considerable distortion due to expansion of the perchlorate.

A63-11744

POSSIBLE IMPLICATIONS OF THE DAMAGE BY RADIATION

IN THE STORAGE OF PROPELLANTS IN OUTER SPACE AND
TENTATIVE METHODS FOR ITS MEASUREMENT.

J. A. McMillan (Argonne Naticnal Laboratory, Argonne, lll.}
(IRE-NASA-AEC, International Symposium on Space Phenomena and
Measurement, Detroit, Mich., Oct. 15-18, 1962,)

IEEE Transactions on Nuclear Science, vol. NS-10, Jan, 1963,

p. 24-30. 12 refs.

Analysis, in terms of the available data on radiation levels, of
the damage by radiation that can be expected during the storage of
hydrogen-bonded propellants in outer space. Alternatives of
storing the propellants as liquids or as solids, at low temperature,
are discussed, Recent results obtained on the thermal behavior of
the propellants are taken into account, Vitreous states of ag-
gregations, which could crystallize spontaneously after long periods
of irradiation, are shown to present some additional hazards, such
as warming and explosion, that can be prevented, General con-
siderations of radiation-damage detection in outer space are also
made. Paramagnetic resonance is found to be of limited use, al-
though it could be used for studying the damage produced by in-
tense solar flares, Solid-state devices are finally recommended.

A63-11769
STUDIES OF THE LIQUID-VAPOR INTERFACE CONFIGURATION
IN WEIGHT LESSNESS,
Donald A. Petrash and Edward W, Otto (NASA, Lewis Research
Center, Cleveland, Ohio).
American Rocket Society, Space Power Systems Conference,
Santa Monica, Calif, , Sept. 25-28, 1962, Paper 2514-62, 20 p.
Analytical and experimental investigation of the behavior of
rocket-engine propellants stored in space-vehicle tanks at zero g.
The results indicate that the principal factors determining the
interface configuration in a tank are the minimization of the free-
surface energies of the system and the preservation of the contact
angle of the liquid at the tank wall. Knowledge of the tank geometry
and the contact angle, therefore, permits prediction of the con-
figuration of the liquid in the tank. A study of the application of
these principles to the design of actual tank geometries shows
internal tank baffling to be an effective means of positioning the
liquid in a suitable location for venting and engine restart.

AG3-NB46

SUPERCRITICAL CRYOGENIC HYDROGEN AND OXYGEN
STORAGE SYSTEMS FOR DIRECT ENERGY CONVERTER RE-
ACTANT SUPPLY IN MANNED SPACECRAFT,

30

J. A. Potter and J, S. Tyler (Garret Corp., AiResearch
Manufacturing Co., Los Angeles, Calif.)
American Rocket Society, Space Power Systems Conference
Santa Monica, Calif., Sept, 25-28, 1962, Paper 2515-62, 24 P
Discussion of some methods used for storing low-boiling-point
reactant fluids in space vehicles, Particular reference is made to
the following: (1) ambient-temperature gas storage at high pressure
(2) single-phase, cryogenic fluid storage at supercritical pressure;
and (3) two-phase, cryogenic fluid storage at subcritical pressure.
A comparison of the three methods shows that supercritical storage
is a lighter, more compact method of fluid storage thanthe high-
pressure gas technique. For applications in which use rates are
high enough that minimum thicknesses of insulation are adequate
to prevent unwanted venting, supercritical storage is an exceptional-
ly straightforward, light, and reliable storage method.

A63-12222

LIQUID HYDROGEN FLOW MEASUREMENT AND CALIBRATION,
Richard L. Bucknell {(United Aircraft Corp., Pratt and Whitney
Aircraft Div,, Florida Research and Development Center, West
Palm Beach, Fla,)

{Instrument Society of America, 1962 National Aero-Space
Instrumentation Synposium, 8th, Washington, D,C,, May 21-23,
1962.)

ISA Proceedings, vol. 8, 1962, p, 145-152. Price of entire volume
(175 p.): Members, $6,00; nonmembers, $9.00,

Discussion of a system for measuring liquid-hydrogen mass
flow in rocket engine testing, The design principles and perform-
ance of a liquid~hydrogen-flow calibration stand are reviewed, as
is experience acquired with the use and calibration of turbine-type
flowmeters, Redundant measurements are found to be essential in
verifying accuracies and in detecting unsuspected errors in both
calibration and test-stand measurements.

A63-12336
COMBUSTION OF UNSYMMETRICAL DIMETHYL HYDRAZINE:
SPONTANEOUS IGNITION IN DECOMPOSITION AND OXIDATION,
P. Gray and M, Spencer {University of Leeds, School of Chemistry,
Leeds, England).
Combustion and Flame, vol, 6, Dec. 1962, p, 337-345, 14 refs.
Investigation of the combustion in the gaseous phase of 1,1-
dimethyl hydrazine, an endothermic compound that will support
a flame in both decomposition and oxidation, The critical condi-
tions of pressure and temperature and the composition (critical
limits) necessary for explosion are measured, The effects of
vessel surface, vessel diameter, and inert diluents on the critical
conditiona are examined. The spontaneous ignition limit for the
decomposition of pure dimethyl hydrazine is shown to satisfy the
criteria for thermal explosion, The overall activation energy,
E = 28 1+ 1 kcal/mole, derived from the measured {pressure vs
temperature) limit by application of the thermal-explosion theory,
is found to agree with that derived from kinetic investigations of
the slow decomposition, By contrast, spontaneous ignition in
oxidative combustion is shown to be extremely complex, and to
differ qualitatively and quantitatively from the superficially
analogous, combustion mono-, di-, and trimethylamines. The
following distinct oxidation regimes are established: (1) slow reac-
tion, {2) chemiluminescent oxidation, (3) weak ignition, and (4)
strong explosion, In addition, multiple ignitions are observed,
The chemical characteristics of the different modes, the conditions
for their occurrence, and the role of self-heating are investigated,

A63-12337
THE EFFECT OF SOME ADDITIVES ON THE BURNING RATE OF
LIQUID HYDRAZINE,
A. C. Antoine (NASA, Lewis Research Center, Cleveland, Ohio).
Combustion and Flame, vol. 6, Dec, 1962, p. 364, 365,
Presentation of burning-rate values, measured in a nitrogen
atmosphere, for 1% by volume solutions of the following compounds
in hydrazine: methyl hydrazine, ethyl alcohol, n-butyl alcohol,
t-butyl alcohol, ethylene diamine, n-amyl amine, and pyridine,
The results, presented in the form of a graph, show that the
additives affect the burning rate just as small additions of water
affect it, The burning rate at any pressure is lowered, and the




pressure at which an abrupt increase in burning rate takes place
is increased. The only exception is found to be methyl hydrazine,
the behavior of which is about the same as that of hydrazine itself,

A63-12693

AN EVALUATION OF THE SPACE STORABILITY OF PROPEL.-
LANTS. Appendix A - PROPELLANT TANK SURFACE TEMPERA.
TURE ANALYSIS. Appendix B - NONVENTED TANK ANALYSIS.
W. Richard Davison and Jeffrey P, Carstens (United Aircraft
Corp., Research Laboratories, East Hartford, Conn.)

American Rocket Society, Annual Meeting, 17th, and Space Flight
Exposition, Los Angeles, Calif,, Nov. 13-18, 1962, Paper 2723-62.
32 p. 13 refs,

Investigation of factors considered in assessing storability and
performance characteriatics of a given propellant combination.
Storability effects are represented by the additional vehicle weight
incurred in maintaining the propellant during some mission waiting
time, Design effects of structural heat leaks and of a type of in-
sulation are described. Vented {constant pressure), nonvented
{constant volume), and refrigerated storage systems, are con-
sidered. Stage weights, including storability penalty weights,
are calculated for a lunar-surface mission and an Earth-orbital
mission. The stage weights are compared on the basis of theo-
retical performance characteristics of the following propellant
combinations; hydrogen-oxygen, hydrogen-fluorine, hydrazine/
nitrogen tetroxide, and diborane/oxygen difluoride. Results of
the mission analysis show that, with short fuel-storage times (less
than two weeks) and the use of metal-foil superinsulation, propel-
lant-storability characteristica have less effect on the stage weight
than do performance characteristics, For longer storage times,
or less efficient insulations, the storage-system weights become
appreciable, to the disadvantage of the cryogenic combinations,

A63-13115

HORIZONS IN LIQUID-PROPELLANT ROCKET PROPULSION.
S. 8. Penner (California Institute of Technology, Florence
Guggenheim Jet Propulsion Center, Pasadena, Calif.) and L. L.
Bixson (Sundstrand Corp., Sundstrand Aviation Div,, Pacoima,
Calif. )

(Istituto Lombardo Academia di Scienze e Lettere and NATO-
Advisory Group for Aeronautical Research and Development,
Seminar, Milan, Italy, Sept. 8-12, 1960.}

IN: Advances in Astronautical Propulsion. New York, Pergamon
Press, Inc.; Milan, Italy, Editrice Politecnica Tamburini, 1962,
p. 107-.146, 42 refs.

Contract Nos. AF 18(603)-107 and DA 04-495-Ord-1643,

Review of recent developments in liquid-propellant rocket
propulsion, with particular reference to high-energy propellants,
storable liquid fuels, variable_thrust rockets, and hybrid propul-
sion systems, Scaling procedures for liquid-fuel engines are dis-
cussed. The diverging liquid-fuel rocket engine is considered.
Other topics studied include the burning rates of propellant droplets,
flame propagation in droplet arrays, chemical reactions during
nozzle flow, and combustion processes.

A63-13154

EFFECTS OF SOME OF THE SPACE ENVIRONMENTS ON
PROPELLANT ACTUATED DEVICES.

Maurice H. Simpson (Frankford Arsenal, Pitman-Dunn Labora-
tories, Environmental Engineering Section, Philadelphia, Pa.)
IN: Institute of Environmental Sciences, 1962 Annual Technical
Meeting, Proceedings. Mt. Prospect, Ill., Institute of Environ-
mental Sciences, 1962, p. 401-418.

‘ Discussion of some of the results of a current investigation
on the operation of standard propellant-actuated devices in space.
The investigation covers the effects of ozone, solar radiation,
nuclear radiation, acceleration, temperature, and altitude. Ap-
parent physical damage and the effects on ballistic (firing) per-
formance are analyzed. Changes in chemical composition, in-
ternal pressures, and other operational criteria are also evaluated,
and the important findings are presented. The resulting failures
caused by these environmental factors of space are discussed.
Results show that the effects of ozone and solar radiation are the
most critical.
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A63-13434

FOR ALL-ROUND PROPELLANT PERFORMANCE: 98% H,0;.
James C, McCormick (FMC Corp., Inorganic Chemicals Div.,,
Buffalo, N,Y.)

Sgace/Aeronautica, vol, 39, Mar, 1963, p; 101, 103, 105, 107, 109,
19 refs,

Discussion indicating the advantages of using 98% hydrogen
peroxide as a liquid propellant of exceptionally high performance,
The performance of this propeMant is nearly as good as that of the
cryogenic propellants, However, its handling and storage charac-
teristics are much more favorable, The performance of 98%
H,0O; in bipropellant systems, in hybrid rockets, as a monopropel-
lant, and as a secondary injection fluid are reviewed, Extensive
data are given on the heat-transfer characteristics, storability,
radiation resistance, and materials compatibility of the propellant,

A63-13738

PHYSICAL AND CHEMICAL PROPERTIES OF HEXANITROETHANE.
P. Noble, Jr., W. L. Reed, C. J. Hoffman, J. A. Gallaghan,

and F. G. Borgardt (Lockheed Aircraft Corp., Lockheed Missiles
and Space Co., Materials Sciences Laboratory, Palo Alto, Calif,)
AJAA Journal, vol. 1, Feb. 1963, p. 395.397,

Discussion of recent developments in the synthesis of hexa-
nitroethane, and consideration of its possible use as a high-energy
oxidizer. Results are presented of an extensive study of the
chemical reactivity and the physical properties of hexanitroethane.
It is a solid, high-energy oxidant, melting at about 150°C, and
containing 92% NO, by weight. It has a crystalline density of
2.25 gm/cm3, and a vapor pressure of 0. 5 mm Hg at 25°C. The
heat of formation of hexanitroethane is determined to be +28
kcal/mole.

A63-13904

LE KEROSENE CONTRIBUE~T-IL A LA SECURITE DES AVIONS?
{DOES KEROSENE CONTRIBUTE TO AIRPLANE SAFETY?]

R. Le Claire.

Aero-Revue, July 1962, p. 373, 374. In French.

Brief comparison of the properties of kerosene and JP 4 fuels,
with respect to their relative safety in turbine engines, The
physical properties of both fuels are discussed. The feasibility
of their employment is seen to depend on the maximum and
minimum combustion limits, which are functions of pressure and
temperature, Based on combustion characteristics, kerosene is
found to be the better fuel, It is pointed out than an electric charge
is acquired by the flowing fuel - the faster the flow, the higher the
charge. If a spark is caused by the difference of potential between
the aircraft and the fuel, the air-vapor mixture in the reservoir
could explode. It is seen that the JP 4 fuel is less susceptible to
such explosions. Practical flight and accident experience are
briefly considered, and several methods for increasing safety are
suggested.

A63-14008

RAMAN AND INFRARED SPECTRA OF LIQUID DEUTERATED
HYDRAZINE N2D4.

fu. I. Kotov and V. M. Tatevskii.

(Optika i Spektroskopiia, vol. 13, Dec. 1962, p. 855-857.)
Optics and Spectroscopy, vol. 13, Dec, 1962, p. 487, 488.
Translation.

Investigation of the Raman and IR spectra of liquid NZD4 and
NzHy4. The Raman spectra are studied with a DFS-4 spectrometer,
and the IR absorption spectra are studied with 1KS5-14 double-beam
spectrometer. The results obtained are tabulated. It is seen that
the frequencies of the fundamental bands of NyH,4 agree in general
with those given in the literature.

A63-14288

EXPLOSION HAZARDS IN LIQUID BIPROPELLANTS.

M. A. Cook (University ot Utah, Institute of Metals and Explosives
Research, Salt Lake City, Utah).

IN: Applied Cryogenic Engineering. New York, John Wiley and
Sons, Inc., 1962, p. 293-320. 17 refs.
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Study of the explosion hazards in the bipropellants currently
in use, First, the explosion initiation characteristics of liquids
and vapors, the laws of blast-wave formation and propagation, and
the nature of various types of blast damage in relation to blast-
wave propagation are briefly outlined. Estimated ideal or theoreti-
cal TNT equivalents of some bipropellants of greatest current in-
terest are given, followed by an outline of the nature of the hazards
and a hazards classification for bipropellants. An outline of the
behavior of the currently most important bipropellant systems -
liquid oxygen (lox) and kerosene (RP-1) - is then given, Finally,
based largely on the observed behavior of the lox/RP-1 system,
together with thermochemical considerations and the known ex-
plosive behavior of liquid and gaseous explosives, predictions of
the relative hazards and magnitudes of accidental explosions in
other bipropellant systems are presented with the recognition that
these predictions are subject to considerable uncertainty.

A63-14292

THE FUTURE OF CRYOGENIC FUELS FOR SPACE SYSTEMS.
R. D. Long (Aerospace Corp., El Segundo, Calil.)

IN: Applied Cryogenic Engineering. New York, John Wiley and
Sons, Inc., 1962, p. 395-426. 10 refs.

Comparison of the performances of cryogenic propellants with
those of storable and solid propellants. First, the rocket engine is
discussed as an energy-conversion device, the process of combus-
tion and thrust production is then considered in terms of the propel-
lant combination. The more advanced propulsion systems are also
discussed, including the use of free radicals and nuclear power,

In addition, the necessity for using high-energy crycgenic propel-
lants for space missions is demonstrated.

A63-14723

THEORETICAL PERFORMANCE OF HYDRAZINE-CHLORINE
TRIFLUORIDE HYPERGOLIC PROPELLANT SYSTEM.

Akira Iwama, Kiroku Yamazaki, and Ken Kikuchi.

University of Tokyo, Aeronautical Research Institute, Bulletin,
vol. 3, Sept. 1962, p. 179-187. In Japanese, with summary in
English,

Calculation of the theoretical performance and various ther-
modynamic data of the hydrazine-chlorine trifluoride hypergolic
propellant system, performed with a PC-1 parametron computer.
It is shown that the maximum theoretical specific impulse of the
system is 247. 6 sec at mixture ratio of 1. 9. A diagram is ob-
tained of the combustion temperature, applicable even when heat
loss is taken into account. A chart is presented concerning
specific volume, heat capacity, ratio of specific heat, and mean
molecular weight of combustion products at various temperatures.

A63-14925

LES HYPERGOLS PHOSPHORES. I - CARACTERISTIQUES ET
EMPLOI {PHOSPHOROUS HYPERGOLS. I - CHARACTERISTICS
AND EMPLOYMENT].

M. Lemaitre.

Technique et Sciences Aéronautiques et Spatiales, July-Aug. 1962,
p. 288-291. In French.

General-considerations of hypergols, including: (1} basic
definitions, (2) the difference between hypergolic and nonhypergolic
propellants, (3) determination of ignition delay, and (4) hypergolic
propellant reactivity and structure. Considered are organic-
phosphorous hypergols which are substitution products of a cyclic
glycol (2-chloro, l-3.2-dioxyphospholane). Their properties are
briefly outlined, and their molecular structures are diagramed.

A63-14926
LES HYPERGOLS PHOSPHORES. 1I - PREPARATION ( PHOS-
PHOROUS l:iYPERGOLS. 1I - PREPARATION].
R. Marquie,
Technique et Sciences Aéronautiques et Spatiales, July-Aug. 1962,
p. 292-295. In French.

Outline of the preparation of various organic derivatives of
phosphorus, produced in order to determine the hypergolic
properties of each. Investigated are the possibilities of forming

various P-N bond arrangements. For this purpose, derivatives
of dioxyphospholane, and triamidophosphite are prepared. Tables
list the experimental conditions, the nature of the reactants, and
the physical and chemical properties of the products.

A63-149727

LES HYPERGOLS PHOSPHORES. III - SPECTRES D'ABSORPTION
INFRA-ROUGE {PHOSPHOROUS HYPERGOLS. III - INFRARED
ABSORPTION SPECTRA]. 3 3

R. Mathis and J. Roussel (Universite de Toulouse, Faculte des
Sciences, Laboratorie de Chimie Agregation, Toulouse, France).
Technique et Sciences Ac€ronautiques et Spatiales, July-Aug. 1962,
p. 296-300, In French.

Spectrographic investigation of the IR absorption bands of six
organic-phosphorous compounds, inthe wave number region 600 to
3,000 em L Especially important is the study of the bands re-
presenting valence vibrations of the CH; and CH3 groups in the
neighborhood of a phosphorus atom. The results are listed in
tables, and their significance in relation to the nature of the bonds
involved is briefly considered.

A63-15099

THERMAL MECHANISMS RELATED TO THE PHOTOLYSIS OF
NITROGEN DIOXIDE,

Hadley Ford (California Institute of Technology, Jet Propulsion
Laboratory, Pasadena, Calif. )

IN: Combustion Institute, International Symposium on Combustion,
8th, Pasadena, Calif., Aug. 28-Sept. 3, 1960. Baltimore, Williams
and Wilkins Co., 1962, p. 119;127. 26 refs.

NASA -supported research,

Detailed survey of the literature and compilation of experimen-
tal results obtained in the study of the thermal mechanisms related
to the photolysis and the thermal decomposition of nitrogen dioxide.
A tabulation of the mechanisms ig given for irradiation at wave-
lengths between 3,100 and 3,700 A and the rate constants for the
mechanisms under the same irradiation at room temperature. The
mechanisms are discussed for the thermal decomposition of O3,
NO,, N;O, HNOj, and the N;Og-sensitized thermal decomposition
of O3. The closely related field, the reactions of atoms formed
in microwave glow discharges, is analyzed for the oxygen -nitrogen
system. All the kinetic systems discussed are compiled in a single
table, and their relationships in terms of common elementary reac-
tions are indicated.

A63-15118

RADIANT ENERGY EMISSION FROM THE EQUILIBRATED REAC-
TION PRODUCTS OF A PURE AMMONIUM PERCHLORATE
PELLET.

D. Olfe (New York University, College of Engineering, New York,
N.Y.) and S.S. Penner (California Institute of Technology, Div. of
Engineering, Pasadena, Calif.)

{Lockheed Missiles and Space Div. Report Nos. LMSD-288169,
Sept. 1959, and LMSD-288169A, Mar. 1960.)

IN: Combustion Institute, International Symposium on Combustion,
8th, Pasadena, Calif., Aug. 28-Sept. 3, 1960. Baltimore, Williams
and Wilkins Co., 1962, p. 293-303.

Contract No. AF 49(638)-412.

Estimation of radiation losses from the combustion products
and radiant heat transfer to the burning propellant surface. The
propellant considered is a rectangular block of NH4C104 burning
in a rectangular enclosure with a square base, The mean beam
length is determined for a uniform gas enclosed by a rectangular
parallelepided. Analysis suggests that emission and absorption of
radiant energy in the reaction zone may be neglected. The emis-
sivities of HC] and H,O are computed under the prevalent pressure
and temperature conditions, and the total emissivity overlapping
between the emission spectra of HC] and H;Q is considered for
appropriate mixture compositions. Estimates are made of radiant
energy loss from the combustion products and of radiant heat
transfer to the burning propellant surface.
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A63-15209

HANDLING LIQUID HYDROGEN FOR CENTAUR,

John S, Harrison (General Dynamics Corp., Astronautics Div,,
San Diego, Calif,)

American Institute of Aeronautics and Astronautics, Space Flight
Testing Conference, Cocoa Beach, Fla,, Mar. 18-20, 1963,
Paper 63090-63, 9 p.

Discussion of experience gained from the Centaur program in
designing for, and handling, liquid hydrogen. Among the test-site
facilities described are (1) a 28, 000-gal storage tank, insulated
and vacuum-jacketed, with vacuum pump, relief valves, vacuum-
jacketed filters, and remote-control outlet valves; (2) a vaporizer
system for pressurization of the storage tank to transfer liquid
hydrogen to test stands and vehicles; (3) a transfer line from
storage tank to test stand; and (4) safety devices for hydrogen leak
detection, fire detectors, remote-control valves, and instrumenta-
tion, Outlined are the desi—gn considerations on which Centaur
hydrogen facilities are based and the criteria for the test and
launch facilities,

A63-15388 i

SULLA TOSSICITA DI ALCUNI PROPELLENTI PER MISSILI

[ON THE TOXICITY OF SOME MISSILE PROPELLANTS].
Giuseppe Lalli (Centro di Studi e Ricerche di Medicina Aeronautica
e Spaziale, Rome, Italy).

Rivista di Medicina Aeronautica e Spaziale, vol, 25, Oct, -Dec,
1962, p. 678-707. 34 refs, In Italian, with summaries in English,
French, Spanish, and German,

Study of the toxic effects of boranes and methyl hydrazine
derivatives, Indicated are their major physical and chemical
properties, the channels through which they penetrate the human
body, and data pertaining to acute, sub-acute, and chronic yoison-
ing. Particular attention is given to concentrations which approach
toxicity limits, intoxication symptoms, and methods of protection
from the harmful effects of these compounds,

A63-15389

IMPIANTI MOBILI DI OSSIGENO LIQUIDO PER MOTORI A

RAZZO [MOVABLE LIQUID OXYGEN PLANTS FOR ROCKET

MOTORS].

Glauco Partel.

Tecnica Italiana, vol. 28, Jan.-Feb., 1963, p. 17-24, In Italian.
Demonstration that a low-pressure cycle can be used to

manufacture liquid oxygen for the fueling of rocket engines.

Initial design data are presented for two lox plants. The smaller

plant is required to replace the oxidizer lost by evaporation from

the tanks of the aircraft or missile awaiting takeoff. It has an

estimated weight of 300 kg and a lox yield of 16 kg/hr. The larger

plant, designed to produce 1 kg/sec of lox, weighs approximately

9, 700 kg, and may be mounted on a 10-ton truck. The weights in-

clude the prime movers of 33 hp and 8, 500 hp, respectively.

A63-15434

LES PROPERGOLS SOLIDES MODERNES [MODERN SOLID
PROPELLANTS].

J. Boisson,

Doc-Air-Espace, Mar, 1963, p. 25-32, In French,

General discussion of the production and properties of solid
propellants. The development of such fuels is outlined, and their
attractive features, among the most important of which is
simplicity, are briefly discussed. The constituents of the various
types of solid propellants - homogeneous, double base, and
outlined, A discussion of the general characteristics of the fuels
includes: (1) the criteria which a solid propellant must meet; (2)
the energy derived from the fuel, for which several equations are ’
presented; (3) the speed of combustion of the fuel {kinetic
properties); and {4) the geometry of the propellant.
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A63-15707
A STUDY OF COMBUSTION AND RECOMBINATION REACTIONS
DURING THE NOZZLE EXPANSION PROCESS OF A LIQUID
PROPELLENT ROCKET ENGINE,
J. D. Lewis {Ministry of Aviation, Rocket Propulsion Establishment,
Westcott, Buckinghamshire, England} and D. Harrison (Cambridge
University, Dept. of Chemical Engineering, Cambridge, England).
IN: Combustion Institute, International Symposium on Combustion,
8th, Pasadena, Calif., Aug. 28-5ept. 3, 1960, Baltimore, Williams
and Wilkins Co., 1962, p. 366-374,

Description of a gas-sampling technique developed to study
the variations in chemical compositions across the entry and exit
of the exhaust nozzle of a small-scale liquid-propellant rocket
engine, The technique enables measurements to be made of the
efficiency of both the combustion and mixing processes which occur
within the combustion chamber. The experiments described are
carried out in the rocket engine in which a single spray of n-heptane
fuel burns in the decomposition products of concentrated hydrogen
peroxide. On the basis of the results obtained experimentally it is
shown that it is possible to apply gas-sampling techniques to the
study of chemical reactions occurring during the nozzle expansion
process. In particular, a practical solution is found to the problems
associated with sampling from high-temperature gas streams at
supersonic velocities.

A63-15739

THE CATALYTIC DECOMPOSITION OF AMMONIUM
PERCHLORATE.

A. Hermonm (Manistry of Defense, Tel Aviv, Israel}) and

A. Salmon.

IN: Combustion Institute, International Symposium on Combustion,
8th, Pasadena, Calif,, Aug, 28-Sept, 3, 1960, Baltimore,
Williams, and Wilkins Co., 1962, p. 656-662,

Investigation of the kinetics of the thermal decomposition for
mixtures of ammonium perchlorate with manganese dioxide, nickel
trioxide, chromium trioxide, magnesium oxide, and a mixture of
cobalt oxides (Co,03 + Co304). In the temperature range of 170 to
200°C the rate of decomposition is measured gravimetrically by
determining the loss of weight of the mixture ammonium
perchlorate-catalyst as a function of the time. At temperatures
above 200°C the rate of the decomposition is followed gasometrical-
ly, condensing out all of the gaseous products other than oxygen
and nitrogen, and measuring the rate of increase of pressure in an
apparatus of constant volume. The experimental results indicate
that the catalysts anfluence reactions in both the solid and the gaseous
phases. That catalysts participate in reactions in the solid phase
is indicated by the increase of the rate of the decomposition of
ammonium perchlorate in the presence of the catalysts, and by the
fact that the quantity of catalyst required to achieve maximum
reduction of the ignition delay time decreases as the particle size
of the perchlorate increases, The following results are found to be
in accordance with the assumption that the oxides also catalyze
reactions among the gascous products of the decomposition
reaction: (1) the change in the distribution of the gaseous products
with the catalyst used; and {2) increasing the amount of the catalyst
does not change the value of P/P¢ but changes both P and Py
(initial and final pressure),

A63-15740
FURTHER STUDIES OF PURE AMMONIUM PERCHLORATE
DEFLAGRATION.
Joseph B, Levy and Raymond Friedman {Atlantic Research Corp,,
Alexandria, Va.)
IN: Combustion Institute, International Symposium on Combustion,
8th, Pasadena, Calif,, Aug, 28-Sept, 3, 1960, Baltimore,
Williams, and Wilkins Co., 1962, p. 663-672. 14 refs.
USAF -supported research,

Investigation of the deflagration of pure pressed strands of
ammonium perchlorate in an effort to gain a basic understanding
of this process and, through it, of the burning of rocket propellants
containing ammonium perchlorate as the oxidizer, Covered are
two general directions: (l) the study of the effects of pressure,
catalysts, and added radiant energy on the burning rate; and (2)
the study of the chemistry of the deflagration process and the effect
of various parameters on it,
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A63-1574)

DEFLAGRATION LIMITS IN THE STEADY LINEAR BURNING

OF A MONOPROPELLANT WITH APPLICATION TO AMMONIUM
PERCHLORATE,

W, E, Johnson and W. Nachbar (Lockheed Aircraft Corp.,
Missiles and Space Div,, Sunnyvale, Calif.)

IN: Combustion Institute, International Symposium on Combustion,
8th, Pasadena, Calif,, Aug. 28-Sept, 3, 1960, Baltimore,
Williams, and Wilkins Co., 1962, p, 678-689. 17 refs,

Contract No., AF 49(638)-412,

Application of a laminar-flame theory to the steady one-
dimensional, linear burning of a monopropellant to ammonium
perchlorate, The analysis is made in order to: (1) obtain a
sensitive check on the validity of representing the deflagration of
a solid propellant by a combination of the gas-phase laminar-flame
equations with a rate law, or laws if the solid is complex, for the
decomposition of the solid; and (2) give a formal derivation of new
methods for calculating rigorous upper and lower bounds for the
eigenvalues of the laminar-flame monopropellant problem with
adiabatic phase, These methods give not only a close estimate of
the eigenvalue but also a precise bound on the error for every
calculation, The behavior of the low-pressure deflagration limit
in this model is analyzed, and some numerical calculations in
comparison with the experimental data on ammonium perchlorate
are presented.

A63-15742
REMARKS ON THE BURNING MECHANISM AND EROSIVE
BURNING OF AMMONIUM PERCHLORATE PROPELLANTS.
J. Vandenkerckhove and A. Jaumotte {(University of Brussels,
Institute of Aeronautics, Brussels, Belgium]},
IN: Combustion Institute, International Symposium on Combustions,
8th, Pasadena, Calif., Aug. 28-Sept. 3, 1960,
Williams, and Wilkins Co., 1962, p., 689-693,
Comparison of the burning rate of propellants and that of pure
ammonium perchlorate as reported by Friedman in an attempt to
obtain a more precise information than the general statement that
the burning rates are similar, It is shown that the burning rate
of the propellant can be higher or lower than that of the pure
oxidizer, depending upon the pressure, mixture ratio, and granula-
tion, For coarse granulation and low oxidizer contents, the burning
rate is higher at low pressure, and smaller at high pressure than
that of pure perchlorate, For fine granulations and high oxidizer
contents, the burning rate is higher at all pressures in the
considered range, After reviewing some of the characteristic
experimental data, a model of the burning mechanism and erosive
burning of ammonium perchlorate are discussed,

Baltimore,

A63-15743
THE COMBUSTION OF PROPELLANTS BASED UPON
AMMONIUM PERCHLORATE.
G. K. Adams, B, H, Newman, and A. B, Robins.
IN: Combustion Institute, International Symposium on Combustion,
8th, Pasadena, Calif,, Aug, 28-Sept, 3, 1960,
Williams, and Wilkins Co., 1962, p. 693-705,
Determination of the effect of the following variables on the
burning rates of solid compogsite systems containing ammonium
perchlorate as oxidizer: (1) particle size of oxidant and fuel, (2) the
pressure under which the mixtures are burned, (3) the oxidant/fuel
ratio, and (4) the chemical composition of the fuel, It is shown that
the burning of ammonium perchlorate fuel mixtures is a more
complex process than has been assumed. The dependence of linear
burning rate on either pressure, oxidant particle size, or fuel
stoichiometry is sensitive to the values of the other parameters,
There are large differences in behavior between mixtures with fuel
of different chemical composition, In view of these observations
and also of the possible theoretical complexity of composite
propellant combustion, itis unlikely that any simple quantitative
theory can be developed on the basis of the present knowledge of
such systems and related problems. Attention is, therefore,
called only to what is considered to be the salient features of these
results which any theoretical model must comprehend and which
may help in formulating such a model,

Baltimore,

A63-15744

REACTION RATE AND CHARACTERISTICS OF AMMONIUM
PERCHLORATE IN DETONATION,

W, Hoyt Andersen and R. E. Pesante (Aerojet-General Corp.,
Ordnance Div,, Azusa, Calif,)

IN: Combustion Institute, International Symposium on Combustion, -
8th, Pasadena, Calif,, Aug. 28-Sept, 3, 1960, Baltimore,
Williams, and Wilkins Co., 1962, p, 705-710, 13 refs,
Navy-supported research,

Presentation of experimental data and analyses necessary to
evaluate the characteristics and the reaction (energy-release) rate
of pure ammonium perchlorate (AP} in detonation, These data
and analyses are necessary for any quantitative understanding of the
detonation of mixtures containing ammonium perchlorate. The
steady-state detonation velocities of the cylindrical charges of
essentially pure ammonium perchlorate are determined as a func-
tion of charge diameter, charge density, and ammonium perchlorate
particle size, The dependence of the nonideal detonation velocity
on particle size suggests that a grain-burning detonative mechanism
occurs, It also partially isolates the critical {minimum) diameters
for propagating detonation in the ammonium perchlorate charges
studied, The Chapman-Jouguet detonation characteristics of the
ideally detonating ammonium perchlorate charges are estimated
and tabulated, These characteristics are computed with the
conventional thermodynamic-hydrodynamic theory of detonation,
the experimentally observed detonation velocities, and Cook' s detona-
tion equation of state.

A63-16908 : .
TITAN I PROPELLANT HANDLING AND COMPATIBILITY
PROBLEMS,

O, C. Bender (Martin-Marietta Corp., Canaveral Div., Cocoa
Beach, Fla,}

American Institute of Aeronautics and Astronautics, Space Flight
Testing Conference, Cocoa Beach, Fla., Mar, 18-20, 1963, Paper
63086. 34 p.

Study of the problems associated with propellant compatibility,
protective clothing, and range-safety restrictions,
gained in the handling of millions of pounds of nitrogen tetroxide
{the oxidizer) and hydrazine-UDMH (the fuel) in the Titan 1I program
Described is a self-contained atmospheric protective

Experience

is reviewed.

ensemble (SCAPE) to protect the operator from exposure to the

oxidizer and fuel.

A63-17021

MECHANISM OF THE ACCELERATED BURNING OF AMMONIUM
PERCHLORATE AT HIGH PRESSURES.

O. R. lrwin, P. K. Salzman, and W. H. Andersen {Aerojet-General
Corp., Ordnance Div., Downey, Calif.)

AIAA Journal, vol. 1, May 1963, p. 1178-1180.

Navy-supported research. .

Investigation of the possibility that the steep thermal gradient
existing at the burning surface of ammonium perchlorate at high
pressures can, among other factors, lead to the shear stress
responsible for cracking. The analysis indicates that thermal
stress is almost solely responsible for the cracking over the entire
pressure range of the burning rate experiments.

A63-17024

PARTICLE SIZE ANALYSIS OF AMMONIUM PERCHLORATE BY
LIQUID SEDIMENTATION,

E. K. Bastress, K. P. Hall, and M. Summerfield (Princeton
University, Dept, of Aeronautical Engineering, Guggenheim Jet
Propulsion Center, Princeton, N.J.)

ALAA Journal, vol. 1, May 1963, p. 1182-1185,

34

Contract No. Nonr 1858(32).

Description of a method for obtaining particle-size distributions
in ammonium perchlorate and other finely divided materials from
400-y diam. to |l u and below. The method offers advantages includ-
ing rapid operation and moderate equipment costs. Validity and
accuracy of the method are found to be satisfactory for use in
studies of particle-size effects in solid-propellant combustion.




A63-17333

COMBUSTION IN LOOSE GRANULAR MIXTURES OF POTASSIUM
PERCHLORATE AND ALUMINUM.

J. Hershkowitz, F. Schwartz, and J. V. R. Kaufman (Feltman
Research and Engineering Labs., Picatinny Arsenal, Dover, N.J.)
IN: Combustion Institute, International Symposium on Combustion,
8th, Pasadena, Calif., Aug. 28-Sept. 3, 1960, Baltimore,
Williams and Wilkins Co., 1962, p. 720-727. 14 refs.

Application of high-speed photography to the investigation of
factors responsible for the combustion characteristics of a loose
granular mixture of an oxidant and a fuel. Determined are the
reaction-zone profiles and their rates of propagation for several
particle-size combinations of potassium perchlorate and aluminum.
Also studied is the effect of including a small quantity of fine ex-
plosive in the mixture. The results are used to propose a model of
the reacting medium, suitable for further experimental and theo-
retical study.

A63-17366
THE MECHANISM OF BURNING OF LIQUID HYDRAZINE,
Albert C. Antoine {(NASA, Lewis Research Center, Cleveland,
Ohio),
IN: Combustion Institute, International Symposium on Combustion,
8th, Pasadena, Calif., Aug. 28-Sept. 3, 1960, Baltimore, Williams
and Wilkins Co., 1962, p. 1057-1059; Discussion, p. 1059,
Experimental investigation of the burning rates of liquid
hydrazine at pressures above ! atm, in order to clarify the com-
bustion mechanism. It is found that the burning rate of liquid
hydrazine is controlled primarily by a second-order, gas-phase
reaction rate. However, in certain pressure ranges, determined
by the tube diameter and the concentration of the liquid, the burning
rate is limited by an evaporation rate. A calculated value for the
burning rate at 1 atm, based on heat generation in the gas phase and
thermal conduction to the surface, gives good agreement with the
observed results,

A63-17369

ON THE EXISTENCE OF DETONATION CONDITIONS IN THE
COMBUSTION OF SOME NITRIC ACID PROPELLANTS,

Michel L, J. Bernard and J. Dufour {Université de Poitiers, Lab.
de Chimie Minérale, Poitiers, France),

IN: Combustion Institute, International Symposium on Combustion,
8th, Pasadena, Calif., Aug. 28-Sept, 3, 1960. Baltimore, Williams
and Wilkins Co., 1962, p. 1074-1084. 12 refs.

Experimental investigation of the causes of the abnormal
pressures obtained when certain aminated fuels ignite with nitric
acid. The equipment used consists of a microrocket with a trans-
parent chamber similar to those employed by Ladanyi and by
Barrire. Investigated are the ignition with no overpressure with
furfuryl alcohol, and ignition with strong overpressures using
variably a mixture of Tonka amines, nitrogenous substances, and
ethylenediamine. It is established that the abnormal pressures
are in close relationship with the formation of unstable intermediate
compounds. According to the experimental conditions, these com-
pounds are identified as amine or hydrazine nitrates, which tend to
decompose explosively under the influence of sudden temperature
or pressure rises.

A63-17370

THE CATALYTIC DECOMPOSITION OF NITROMETHANE UNDER
HIGH PRESSURE.

A. Hermoni (Ministry of Defense, Tel Aviv, Israel) and T. B.
Grunwald (Technion-Israel Institute of Technology, Haifa, Israel).
IN: Combustion Institute, International Symposium on Combustion,
8th, Pasadena, Calif., Aug. 28-Sept. 3, 1960. Baltimore, Williams
and Wilkins Co., 1962, p. 1084-1088,

Experimental investigation of the nature of the chemical re-
actions which occur when nitromethane decomposes under high
pressure in the presence of chromium and iron oxides, and in the
temperature range 220°-245°C. Iron oxide loses its catalytic
activity after about 33% decomposition of nitromethane, whereas
no such loss of activity is observed for chromium oxide. Tabulated
is the distribution of products obtained at 30% decomposition in the
presence of chromium oxide at approximately 36 atm initial pressure
and 2309C, Two different mechanisms are proposed in order to

A63

account for the distribution of the reaction products, the first of
which agsumes the same initial step as in the noncatalytic decom-
position, and the second postulates N-O bond rupture as the rate-
determining step.

A63-17371

THE EXPLOSIVE REACTION OF CHLORINE TRIFLUORIDE WITH
PARAFFIN HYDROCARBONS,

C. B. Baddiel (University of London, Imperial College of Science
and Technology, Dept. of Chemistry, London, England) and C. F.
Cullis (University of London, Imperial College of Science and
Technology, Dept. of Chemical Engineering, London, England).

IN: Combustion Institute, International Symposium on Combustion,
8th, Pasadena, Calif., Aug. 28-Sept. 3, 1960. Baltimore, Williams
and Wilkins Co., 1962, p. 1089-1095. 14 refs.

Experimental investigation of the interaction of chlorine tri-
fluoride with methane and propane, in order to determine the po-
tentiality of the interhalogen reagent as a rocket fuel. A known
pressure of chlorine trifluoride is first admitted to the reaction
vessel. It is then possible, by connecting this to a vessel of known
volume (filled to a predetermined pressure with hydrocarbon), to
admit rapidly the required amounts of the other reactants to the
interhalogen. The products of the reaction are analyzed by chemi-
cal analysis, IR spectroscopy, nuclear magnetic-resonance spectro-
scopy, and gas-liquid chromatography. The acid products formed
after explosion at 70°C are tabulated and plotted. The chain charac-
ter of the reaction is discussed, and the analytical evidence for
chemical change is evaluated.

A63-17940

THE EXPERIMENTAL DEVELOPMENT OF AN ISOCYANATE SOLID
PROPELLANT. 1.

F. J. Kosdon (Massachusetts Institute of Technology, Cambridge,
Mass.) and R. H. Winston (Harvard University, Cambridge, Mass.)
AlAA Student Journal, vol. 1, Apr. 1963, p. 32-38.

Further description of a test program aimed at the development
of an isocyanate propellant, using a new static test motor. The
results of several firings with a propellant, designated X-14, are
discussed and graphically illustrated, The propellant is a mixture
of coarse {48%) and fine {26%) NH4C1Oy4, 16% Adiprene L-100, a
plasticizer, some light oil, aluminum dust, and a curing agent
{MOCA). Various alternate compositions of Adiprene L-100 are
presented in a table. Development and combustion characteristics
of an internal burning star are considered, as is the determination
of more exotic methods of increasing the total energy available for
oxidation. Modifications of the motor are discussed in an appendix.
It is noted that the nozzle insert, rather than the fuel capsule, is
ejected from the improved motor, thus protecting the capsules,
which are more delicate than the nozzles, from damage. Another
innovation is the head-end ignition-system attachment which allows
more efficient ignition of internal-burning grains,

A63-18122 .

ELASTOMERS FOR LIQUID RCCKET FUEL AND OXIDIZER APPLI-
CATION.

Joseph Green, Nathan B. Levine, and Robert C, Keller (Thiokol
Chemical Corp., Reactjon Motors Div., Chemistry Dept., Denville,
N.J.).

{American Chemical Society, Div. of Rubber Chemistry, Meeting,
82nd, Cleveland, Ohio, Oct, 1962.)

1 & EC - Product Research and Development, vol. 2, June 1963,

p. 126-133,

Contract No. AF 33(616)-7227.

Investigation of the resistance of commercially available and
experimental polymers to hydrazine-type fuels, nitrogen tetroxide,
and fluorine -containing oxidizers. On the basis of static and dynam-
ic tests, several materials are recommended for application in each
of these propellants. Techniques for encapsulating elastomer O-
rings with inert resins and metals are discussed.

A63-18444

GRAPHICAL EVALUATION OF THE TRADE-OFF BETWEEN SPE -
CIFIC IMPULSE AND DENSITY.

Morton A. Klotz (Aerojet General Corp., Azusa, Calif.).
American Institute of Aeronautics and Astronautics, Summer Meet-
ing, Los Angeles, Calif., June 17-20, 1963, Paper 63-198. 5 p.
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Members, $0.50; nonmembers, $1.00.

Application of Gordon's demonstration {of the use of an equation
for the effective specific impulse to evaluate the relative effects of
propellant specific impulse and density in a volume-limited vehicle)
to the plotting of graphs from which the fuels to be used for the var-
ious stages of a rocket can be determined. Hypothetical graphs,
which plot the effective specific impulse semilogarithmically against
a parameter which depends on the density of the propellant in the
higher stages, are presented and evaluated, as are graphs which
compare metals and metallic hydrides as fuels in solid propellants,
and several liquids as oxidizers for liquid hydrogen, including, Op,
ClF3, Fp, and CH,.

A63-18455

COMPARISON OF STORABLE AND CRYOGENIC PROPELLANTS.
Walter D. Smith and O. C. Bender (Martin Marietta Corp., Martin
Co., Canaveral Division, Cocoa Beach, Fla.}.

American Institute of Aeronautics and Astronautics, Summer Meet-
ting, Los Angeles, Calif., June 17-20, 1963, Paper 63-177. 29 p.
Members, $0.50; nonmembers, $1.00.

Demonstration (by comparing range safety restrictions, protec-
tive clothing, propellant handling, and compatibility problems of
both cryogenic and storable propellants) that either propellant can
be used safely. The comparison is based on actual experience in
working with cryogenic propellants on the Titan I research and devel-
opment flight-test program (1958-1962), and the storable propellants
on the Titan II program (1961-1963). The comparison is largely re-
stricted to the problems experienced in the handling of lox vs nitro-
gen tetroxide, and the mixture of unsymmetrical dimethyl hydrazine
and hydrazine.

A63-18514

ON THE DETONATION OF NITROMETHANE.

A. N. Dremin, O. K. Rozanov, and V. S. Trofimov (Moscow

Institute of Chemical Physics, Moscow, USSR).

Combustion and Flame, vol. 7, June 1963, p. 153-162. 13 refs.
Discussion of data thought to support Shchelkin's suggestion

that detonation of condensed explosives may be of similar nature

to that of gaseous detonation, with particular reference to nitro-

methane either alone or in admixture with acetone. The passage

of inhomogeneities from narrow tubes into broader ones is de-

scribed and some attention given to the material containing the test

mixture, and to the nature of its inner surface. A mathematical

appendix is included dealing with Shchelkin's criterion,

A63-18796

STORABILITY DESIGN CRITERIA FOR SPACE PROPULSION.
Philip D. Gray (Aerojet-General Corp., Azusa, Calif.}.

American Institute of Aeronautics and Astronautics, Summer Meet-
ing, Los Angeles, Calif., June 17-20, 1963, Paper 63-259. 10 p.
Members, $0.50; nonmembers, $1.00.

Contract No. AF 04{611)-744l.

Review of analytical and experimental investigations to deter-
mine the conditions under which cryogenic propellants might be used,
and to develop techniques for their storage. Briefly described is an
analytical technique to permit prompt, accurate evaluation of a wide
variety of propellant combinations stored in space for time periods
of up to 2 yr. The experimental evaluation of storability is describ-
ed, including the tank design and insulation, the propellant line, and
the effects of radiation on propellants. It is noted that propellants
which are not significantly affected in the liquid phase by irradiation
include hydrazine, chlorine trifluoride, nitrogen tetroxide, and pen-
taborane. It is demonstrated that, while the optimization of upper-
stage vehicle parameters is extremely complex, it can be accom-
plished by means of an appropriate computer program.

A63-18882

INVESTIGATION OF ADVANCED HIGH ENERGY SPACE STORABLE
PROPELLANT SYSTEM - OF;/B2Hg.

Bruce E. Dawson and Rolland R. Schreib, Jr: (Thiokol Chemical
Corp., Reaction Motors Division, Denville, N. J.).
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American Institute of Aeronautics and Astronautics, Summer Meet-
ing, Los Angeles, Calif., June 17-20, 1963, Paper 63-238. 14 p.
Members, $0.50; nonmembers, $1.00.

Investigation of the feasibility of oxygen difluoride -diborane
propellants for use in space propulsion systems. It was shown in
previous analytical studies that this combination possesses perfor-
mance and space storability advantages in a variety of missions.
Tests show that the OF,-B,H propellant combination is hypergolic
at both sea level and high altitude. High theoretical performance is
readily attainable with standard injection techniques. The propel-
lants can be easily handled in equipment suitable for the cryogenic
temperature range when the components have been properly cleaned
and passivated, Heat rejection rates are high due to the combination
of high combustion temperatures and radiating combustion products,
but the heat fluxes are within the present state-of-the-art for abla-
tive chambers and nozzles.

A63-19065
HEALTH HAZARDS OF SELECTED ROCKET PROPELLANTS.
John E. Boysen (USAF, Logistics Command, Professional Ser-
vices Division, Wright-Patterson AFB, Ohio).
(American College of Preventive Medicine, Annual Meeting, 9th,
Miami Beach, Fla., Oct. 18, 1962,)
Archives of Environmental Health, vol. 7, July 1963, p. 71-75.
Discussion of the problems involved in research and preven-
tion of the poisonous effects of rocket propellants. The develop-
ment of toxicological experiments involving first animals and then
man to investigate dosage effects is outlined. A table lists re-
presentative propellants and oxidizers and their threshold limit
values. Considered are the problems created by the ''concept of
" which involves the fact that design and procedural
decisions must be made before the development of adequate toxi-
cological and clinical data. Possible methods of evaluating the
operational risk involved in the transport, storage, and firing of
a propellant are delineated, and the design of a medical program
involving the use of propellants is discussed.

concurrency,

A63-19437

CRYOGENIC PROPELLANT STRATIFICATION ANALYSIS AND
TEST DATA CORRELATION,

T. Bailey, R. VandeKoppel, G. Skartvedt (Martin Marietta Corp.,
Martin Co., Denver, Colo.), and T, Jefferson {(University of
Arkansas, Fayetteville, Ark.).

AJAA Journal, vol. 1, July 1963, p. 1657-1659.

Development of an analytical procedure to accomplish quantita-
tive analysis of the cryogenic propellant stratification phenomenon.
Development of the analysis proceeds from basic considerations,
and no scale-effect factors or other gross empirical coefficients
are required. Results of the analysis consist of volume and tem-
perature of the warm upper-propeliant layer as functions of time.
Correlations of predicted results with liquid-nitrogen ground-test
data and liquid-oxygen Titan and Vanguard flight-test data confirm
the validity and usefulness of the analytical model.

AS83-19458

THERMAL CONDUCTIVITY OF GASEOUS UNSYMMETRICAL
DIMETHYLHYDRAZINE.

Robert D, Allen (Dynamic Science Corp., South Pasadena, Calif,),

AIAA Journal, vol. 1, July 1963, p. 1689-1691.

Lockheed Aircraft Corp., Lockheed Missiles and Space Co.-sup-
ported research.

Determination of the thermal conductivity of gaseous unsym-
metrical dimethylhydrazine by a modified hot-wire technique em-
ploying five standard gases. Data are obtained at average tempe-
ratures of about 52, 10°, 30°, and 35°C. All gases are run at a
pressure of 1/6 atm in order to overcome convection effects, As-
suming linearity with temperature, the thermal conductivities are
266 x 1077 and 316 x 1077 cal/cm-sec-°C at 0° and 50°C, respec-
tively.



A63-20498
EFFECT OF ADDITIVES ON FORMATION OF SPHERICAL DETO-

NATION WAVES IN HY DROGEN-OXYGEN MIXTURES.
Andrej Macek {Atlantic Research Corp., Alexandria, Va.).
AIAA Journal, vol. 1, Aug. 1963, p. 1915-1918. 15 refs.
Contract No. AF 33(616)-8110.

Study of the initiation, by means of exploding wires, of spherical
detonation in a gaseous mixture consisting of 62 mole % of hydrogen
and 38 mole % of oxygen. The minimum electrical energy, stored
in the condenser of the initiator circuit, needed for initiation of
detonation is Ei =10.5 ¢t 0.3 joules, in agreement with results re-
ported in the literature. The effect of up to 5% of various gases,
added to this hydrogen-oxygen mixture, on E; is studied. It is found
that, while some gases inhibit the formation of detonation, others
promote it. Of the additives studied, the best inhibitor is isobutene;
trans-butene-2, propylene, and pentacarbonyl iron are also quite

effective.

A63-20500

REACTION OF HYDRAZINE AND NITROGEN TETROXIDE IN A
LOW-PRESSURE ENVIRONMENT,

Robert A. Wasko {NASA, Lewis Research Center, Cleveland, Ohio).
AlAA Journal, vol. 1, Aug. 1963, p. 1919, 1920.

Preliminary study of the reaction of hydrazine and nitrogen
tetroxide at pressures as low as 10°® torr in a steel vacuum tank.
Curves showing the effects of varying propellant quantity on tank-
pressure rise are presented. It is found that: (1) an explosive reac-
tion occurs only when a sufficient quantity of propellant is used to
produce vaporized mixture pressure greater than 4 torr; (2) for the
decade of initial ambient pressure from 0.1 to 1 torr, the reaction
changes from an explosion to a slower reaction, as evidenced by a
decrease in the magnitude of the explosion pressure and an increase
in the reaction delay time; and (3) N,04 vaporizes more quickly than
NyHy and the temperature decrease due to vaporization is sufficient
to cause freezing of a portion of the NyHy.

A63-20525

SPONTANEOUS IGNITABILITY OF NONHYPERGOLIC PROPEL-
LANTS UNDER SUITABLE CONDITIONS.

N. L. Munjal (Gorakhpur University, Gorakhpur, India).

AlAA Journal, vol. 1, Aug, 1963, p. 1963,

Brief discussion of the role of some additives used to accelerate
the chemical reaction preceding the ignition of bipropellants. Re-
sultes showing the average ignition delay of several nonhypergolic’
fuels using red-fuming nitric acid as oxidizer are presented.

A63-21240

PROPULSION OF THE FINAL STAGE OF A SATELLITE LAUNCHER
USING LIQUID HYDRCGEN AS FUEL.

A. W. T. Mottram (Bristol Siddeley Engines, Ltd., Rocket Dept.,
Coventry, Warwickshire, England).

IN: 12th INTERNATIONAL ASTRONAUTICAL CONGRESS, PRO-
CEEDINGS, vol. 1. Washingten, D.C., Oct. 1-7, 1961. New York
and London, Academic Press, Inc., 1963, p. 1-9.

Study of a possible design of a third stage for a communication
satellite launching system based on the Blue Streak launcher. A
liquid hydrogen/liquid oxygen propellant combination is considered
for a third stage. It is felt that the benefits resulting from the high
specific impulse obtainable, using hydrogen as a fuel, outweigh the
disadvantages due to its low density. Moreover, since it gives the
best returns when used in the top and physically smallest stage of a
launching vehicle it enables the capabilities of vehicles based on
existing booster stages to be stretched.

A63-22423

GREASE-TYPE LUBRICANTS COMPATIBLE WITH MISSILE
FUELS AND OXIDIZERS.

Joseph Messina and Henry Gisser (U.S. Army Munitions Command,
Pitman-Dunn Institute for Research, Frankford Arsenal, Phila-
delphia, Pa.).

A63

(American Chemical Society, Division of Petroleum Chemistry,
Meeting, 144th, Los Angeles, Calif., Mar, 1963.}
14 EC - Product Research and Development, vol. 2, Sept. 1963,
p. 209-212. 14 refs.

Study of the thickening of mixed perfluorotrialkylamines
{alkyl = C4 to Cg) with tetrafluoroethylene polymers (molecular
weights 2, 000-30, 000) in connection with the development of grease-
type lubricants for liquid-fuel-powered missiles. Grease-type
mixtures were stable to shear stresses, and showed no separation
on standing (up to one year) and little separation in the cone tests
at 100°C. The greases were unreactive with, and insoluble in,
ethyl alcohol, JP-4, unsym-dimethylhydrazine, diethylenetriamine,
a 60: 40 mixture of the last two, a 50:50 mixture of unsym-
dimethylhydrazine and hydrazine, 90% hydrogen peroxide, and
inhibited red fuming nitric acid. There was no explosive reactivity
in impact tests with liquid oxygen or nitrogen tetroxide. A typical
grease exhibited antiwear and extreme pressure properties
comparable to conventional petroleum greases, and did not attack
most conventional elastomers. Average particle size of the
polymers was 54 . :

A63-22455
CONTRIBUTION TO THE STUDY OF COMBUSTION IN ROCKETS

USING LITHERGOLIC OR HYBRID PROPELLANTS [CONTRIBU -
TION A L'ETUDE DE LA COMBUSTION DANS LES FUSEES A
LITHERGOL OU HYBRIDES].

André Moutet (Office National d' Etudes et de Recherches Aéro-
nautiques, Groupe de Recherches, Chatillon-sous-Bagneux, Seine,
France) and Marcel Barrere (Office National d' Etudes et de Re-
cherches Aéronautiques, Chatillon-sous-Bagneux, Seine, France).
IN: ADVANCES IN AERONAUTICAL SCIENCES. VOL. 3. 2nd
International Congress in the Aeronautical Sciences, Proceedings,
Zurich, Switzerland, Sept. 12-16, 1960.

New York, Pergamon Press, Inc., 1962, p. 465-496.
In French.

Experimental investigation of the combustion of solid hypergolic
fuels in the presence of a liquid oxidizer injected into the combus-
tion chamber. The phenomena analyzed correspond to the ignition
of the chamber in the steady-state regime and at combustion
stability. The ignition process is investigated with an apparatus
which measures the ignition delay as a function of the nature of the
fuel and of the oxidizer. The steady-state is characterized by the
value of the ablation velocity of the solid fuel when placed in the
hot oxidant flow. This velocity is evaluated as a function of the
propellant parameters and of the physical laws explicitly obtained
for the operation of the lithergolic rocket. The stability of such
a system is investigated.

16 refs.

A63-22576

FLAME CHARACTERISTICS OF THE DIBORANE-HYDRAZINE
SYSTEM.

M. W. Vanpée, A. H. Clark, and H. G. Wolfhard (Thiokol Chemical
Corp., Reaction Motors Division, Denville, N.J.).

IN: 9th INTERNATIONAL SYMPOSIUM ON COMBUSTION. Ithaca,
N.Y., Aug. 27-Sept. 1, 1962. Edited by W, G. Berl. New York
and London, Academic Press, Inc., 1963, p. 127-136; Discussion,

p. 136,

Contract No. Nonr 1858(25).

Experimental investigation of diborane-hydrazine flames. The
conditions under which the stabilization of a premixed flame was ob-
tained is described. Various flame characteristics, among them
burning velocity, spectrum, and solid and gaseous combustion
products, were measured, and the results are analyzed. The
kinetics of the diborane-hydrazine flame are considered in terms
of the experimental observations.

A63-22578

STUDIES OF THE COMBUSTION OF DIMETHYL HYDRAZINE AND
RELATED COMPOUNDS,

Peter Gray and Malcolm Spencer (University of Leeds, Leeds,
England).
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iN: 9th INTERNATIONAL SYMPOSIUM ON COMBUSTION, Ithaca,
N.Y., Aug. 27-Sept. 1, 1962, Edited by W.G. Berl. New York
and London, Academic Press, Inc., 1963, p. 148-156; Discussion,
p. 156, 157. 21 refs,

Experimental investigation of the spontaneous ignition of
Ny;H4 + NO and of N;Hy + NpO, in order to determine the modes
of reaction, to investigate the mechanisms of ignition, and to in-
vestigate the role of self-heating in these reactions. In addition,
the necessary conditions for the spontaneous ignition of dimethyl
hydrazine (DMH) are determined, as are the conditions for the
spontaneous combustion {strong explosion) of DMH plus oxygen;
the weak ignition and chemiluminescent ignitions in mixtures of
DMH with oxygen are also investigated.

A63-22583
THE NATURE AND CAUSE OF IGNITION OF HYDROGEN AND
OXYGEN SENSITIZED BY NITROGEN DIOXIDE.
P. G. Ashmore and B. J. Tyler (University of Cambridge,
Cambridge, England).
IN: 9th INTERNATIONAL SYMPOSIUM ON COMBUSTION.
N.Y., Aug. 27-Sept. 1, 1962, Edited by W. G. Berl. New York
and London, Academic Press, Inc., 1963, p. 201-209. 14 refs.
Explanation of the observation that ignitions in mixtures of
hydrogen, oxygen, and nitrogen dioxide are isothermal near some
ignition boundaries and thermal near others. Experimental inves-
tigations of these mixtures are performed, and a mechanism is
proposed which can account for the two types of observed ignition,
as well as for the occurrence of ignition limits, and for induction
periods.

Ithaca,

A63-22600

DEFLAGRATION CHARACTERISTICS OF AMMONIUM PER-
CHLORATE AT HIGH PRESSURES.

O. R. Irwin, W. H. Andersen (Aerojet-General Corp., Ordnance
Division, Downey, Calif,), and P. K. Salzman (Aerojet-General
Corp., Downey, Calif, ).

IN: 9th INTERNATIONAL SYMPOSIUM ON COMBUSTION, Ithaca,
N.Y., Aug. 27-Sept. I, 1962. Edited by W. G. Berl. New York
and London, Academic Press, Inc., 1963, p. 358-364; Discussion,
p. 365, 20 refs.

Contract No. NOrd 18487.

Investigation of the deflagration.characteristics of pure am-
monium perchlorate (AP) strands, by means of a closed-bomb
strand burning technique, at pressures {from |, 000 to 23, 000 psi,
The data are in general agreement with vented-chamber AP burning-
rate data of other investigators at pressures from 1, 000 to 5, 000 ps1,
At pressures above 5,000 ps: (the pressure himit of previously
reported studies) a marked increase tn pressure dependence of the
linear burning rate occurs. It 1s postulated that the observed in-
crease In burning rate results from an increased burning surface
area - i.e., surface break-up, under the action of the very high
pressures existing in the closed bomb, The action of pressure, or
stress, upon the burning surface can produce shearing giving rise
to increased burning area by forming new cracks and pores or by
enlarging existing cracks and pores. A geometrical model is pre-
sented which considers the accelerated burning process as a de-
velopment of micro-cracks that form into conically-shaped burning
surfaces, the area of which depends upon the pressure. The model
is 1n good agreement with the experimental burning-rate data and
with the pressure vs time data for individual burning-rate experi-
ments at pressures above 5, 000 psi.

A63-22601
A SIMPLE THEORY OF SELF-HEATING AND ITS APPLICATION
TO THE SYSTEM AMMONIUM PERCHLORATE AND CUPROUS
OXIDE.

P. W. M. Jacobs and A. R. Tariq Kureishy {University of London,
Imperial College, London, England).

IN: 9th INTERNATIONAL SYMPOSIUM ON COMBUSTION.

Ithaca,
N.Y., Aug. 27-Sept. |, 1962. Edited by W. G. Berl. New York
and London, Academic Press, Inc., 1963, p. 366-370; Discussion
p. 370, 18 refs. ’
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Analysis of the differential equation governing the temperature,
as a function of time and position, in a solid undergoing an exother-
mic chemical reaction. The approximations usually made in theo-
ries of self-heating are discussed briefly, It is pointed out that
kinetic experiments close to the critical ignition state yield results
for the fractional decomposition « as a function of time t which
depart from the kinetic law applicable at lower temperatures.
Nevertheless, these q(t) curves can be analyzed to yield effective
rate egnstants which depend on the temperature of the surroundings
(To) rather than on the temperature of the reactant (which is, of
course, a function of time). A theory of self-heating is developed
using these effective rate constants and this is applied to the cal-
culation of ignition times and self-heating curves of systems of
NH 4ClO4 and Cu,0.

A63-22631
COMBUSTION STUDIES OF SINGLE ALUMINUM PARTICLES.

R. Friedman and A. Malek (Atlantic Research Corp., Alexandria,
Va.).

IN: 9th INTERNATIONAL SYMPOSIUM ON COMBUSTION. Ithaca,
N.Y., Aug. 27-Sept. 1, 1962. Edited by W. G. Berl. New York
and London, Academic Press, Inc., 1963, p. 703-709; Discussion,
p. 709-712,

Contract No. Nonr 1858(25).

Review of work, both experimental and theoretical, on the ig-
nition and combustion of single aluminum particles at atmospheric
pressure; new experimental data, obtained by two methods, are
presented. In the first method, the aluminum particles are injected
into the stream of hot gases generated by means of a flat-flame
burner. In the second method, the particles are burned in the
combustion products of ammonium perchlorate flames with organic
fuels added. In both cases, aluminum is burned in an atmosphere
of controlled temperature and composition. It is concluded that ig-
nition occurs only upon melting of the oxide layer (mp, 2, 300°K})
which coats the particle. The process of ignition is not affected by
the moisture content of the hot ambient gas, and only slightly by its
oxygen content. On the other hand, there are distinct effects of
oxygen and of water vapor on combustion of the metal. Oxygen
promotes vigorous combustion, and, if its concentration is suffi-
ciently high, there is fragmentation of particles. In the virtual
absence of water, diffusion and combustion take place freely in the
gas phase, whereas in the presence of significant amounts of water,
the process is impeded and confined to a small region, because the
reactants must diffuse through a condensed oxide layer.

A63-23094
THE CHEMICAL COMPOSITION AND PROPERTIES OF FUELS
FOR JET PROPULSION.
la. M. Paushkin.
New York, Pergamon Press, Inc., 1962,
$1s.
Translation of KHIMICHESKII SOSTAV 1 SVOISTVA REAKTIVNYKH
TOPLIV. Translated from the Russian by William E. Jones
(United Kingdom Atomic Energy Authority, London, England).
Edited by B. P. Mullins {Ministry of Aviation, Farnborough,
Hampshire, England).

Comprehensive examination of the physics and chemistry of
jet propulsion fuels, Described in detail are the relationship be-
tween the chemical composition and the properties of fuels used in
gas turbines, ramjets, and rockets; the development of fuel produc-
tion methods; the component processes of combustion; and lubri~
cants for gas-turbine engines. The characteristics of various
mono- and bipropellants are presented, including the wide range
of oxidants used in liquid-propellant rocket systems. Coverage
extends to recent advances in high-energy fuels and the general
descriptions of various Earth satellites and space probes.

480 p,

A63-23918

HEAT TRANSFER TO UNINSULATED MISSILE TANKS CON-
TAINING LIQUID HYDROGEN,

Wolfgang Schaechter (Thiokol Chemical Corp., Rocket Operations




Society of Automotive Engineers, National Aeronautic and Space
Engineering and Manufacturing Meeting, Los Angeles, Calif.,
Sept. 23-27, 1963, Paper 753A. 18 p. 14 refs.

Members, $0.75; nonmembers, $1.00.

Development of an approximate analytical method for the predic-
tion of boil-off losses due to external heating of uninsulated missile
tanks containing liquid hydrogen. The analysis is applied to the
upper:stage tankage of two typical missile configurations which
differ only in the type of propulsion utilized; a solid propellant
first staga with 90 sec of action time, and a liquid propellant first
stage, burning for 140 sec. It is predicted that during first-stage
flight, 15-16% of the liquid hydrogen fuel would be lost due to boil-
off. These prohibitive losses could be avoided with a thin layer of
light insulation, such as corkboard.

A63-23928

TEMPERATURE DISTRIBUTION DURING BURNING OF AMMO-
NIUM-PERCHLORATE [O PROFILIAKH TEMPERATUR PRI
GORENII PERKHLORATA AMMONIIA].

V. K. Bobolev, A. P. Glazkova, A. A. Zenin, and O. 1. Leipunskii.
Akademiia Nauk SSSR, Doklady, vol. 151, July 21, 1963, p. 604-607.
In Russian.

Presentation of combustion oscillograms obtained in the stable
and unstable regions of ammonium-perchlorate burning. Discussed
and presented graphically are: (1) the temperature distributions
derived from the stable-combustion oscillograms, including the
total heat release, and the heat release in the gaseous and condensed
phases, as well as their dependence on pressure; and (2) the
dependence of the surface temperature of ammonium-perchlorate
combustion on pressure, as determined under various conditions,

A63-24079

THE SPACE HYPERGOLIC BIPROPELLANT INTERNAL COM-
BUSTION ENGINE.

W. P. Boardman, Jr. {Marquardt Corp., Power Systems Division,
Advanced Product Development, Van Nuys, Calif.).

Society of Automotive Enginecrs, National Powerplant Meeting,
Chicago, Ill., Oct. 14-17, 1963, Paper 768A, 10 p.

Members, $0.75; nonmembers, $1.00.

Description of two unconventional types of internal combustion
reciprocating engines designed to drive rectified alternators which
provide c¢lectric power for space missions. The engines use Aero-
zine 50 as the fuel and nitrogen tetroxide as the oxidizer. These two
propellants are commonly used in liquid rockets, and are charac-
terized by the combination of high-energy release and immediate
recognition upon contact. The first engine is designed to provide
6 hp using a plunger-type-propellant injection system and an in-
head exhaust valve. The second engine provides 4.5 hp using a
unique pressure-fed, cam-operated, poppet injector, and cylinder
exhaust ports. One of the critical problems in the design of these
vngines concerns the very short time interval during which the pro-
pellants must be injected and burned.

A63-24279

CONCERNING ROCKET FUELS WITH HYPERGOLIC PROPERTIES.

I - A METHOD FOR MEASURING IGNITION DELAYS [UBER

RAKETENTREIBSTOFFE MIT HYPERGOLEN EIGENSCHAFTEN.,

I - METHODE ZUR MESSUNG VON ZONDVERZUGEN].

Glnter Spengler and Albert Lepie.

Zeitschrift flir Flugwissenschaften, vol. 11, May 1963, p. 197-203.

12 refs. In German, with summaries in English and French.
Description of an instrument whereby ignition delay in hypergolic

fuels can be established rapidly under various conditions. The

method is based on the principle of two fluid jets converging freely

in a combustion chamber. The principles of this two-jet method are

discussed, with emphasis on its basic differences from the droplet-

test method. The instrument parameters affecting ignition delay

are examined, and these results are used to derive instrument spec-
ifications.
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A63-24283
CONCERNING ROCKET FUELS WITH HYPERGOLIC PROPERTIES.

I - IGNITION DELAY OF LIQUID FUEL COMBINATIONS WITH
NITRIC ACID AS OXIDIZER {UBER RAKETENTREIBSTOFFE MIT
HYPERGOLEN EIGENSCHAFTEN. 1I - ZONDVERZUGE VON -
FLUSSIGEN TREIBSTOFFKOMBINATIONEN MIT SALPETERSAURE
ALS OXYDATOR].
Giinter Spengler and Albert Lepie,
Zeitschrift fiir Flugwissenschaften, vol. 11, June 1963, p. 241-247.
10 refs. In German, with summaries in English and French.
Determination, using the two-jet method, of the ignition delay
of several two-component fuels as a function of mixture ratio. The
results are used to clarify the catalytic effect of Fe*t** jons. In-
ciuded is a theoretical discussion of the hypergolic ignition process.

A63-24444

STORAGE LIFE OF JP-6 GRADE JET FUELS.

G. D. Kittredge and W. L. Streets (Phillips Petroleum Co.,
Bartlesville, Okla. ).

Society of Automotive Engineers, National Fuels and Lubricants
Meeting, Tulsa, Okla., Oct. 30-31, 1963, Paper 773B. 8 p.

12 refs.

Members, $0.75; nonmembers, $1.00.

Contract No. AF 33(616)-7241,

Discussion of the results of an investigation of the problem of
JP-6 jet fuel deterioration during ambient storage. Changes in
thermal stability are produced under controlled conditions, and
their relation to specific types of fuel components and contaminants
is studied by chemical analysis, and by tests with synthetic fuel
blends. The effects of various additives and gases upon the stability
of jet fuels are given, and the analytical work is described.

A63-24569

THE SURFACE TEMPERATURE OF BURNING AMMONIUM
PERCHLORATE.

J. Powling and W. A, W. Smith (Explosives Research and Develop-
ment Establishment, Waltham Abbey, Essex, England).
Combustion and Flame, vol, 7, Sept. 1963, p. 269-275.

Measurement of the surface temperatures of burning ammonium
perchlorate-weak fuel mixtures by an IR emission method, over a
range of pressures below ambient. It is shown that the condition
at the solid/gas interface is one of equilibrium between crystalline
ammonium perchlorate and the gaseous products, most probably
ammonia and perchloric acid. The heat of dissociation for this
process has been derived from the observed variation of surface
temperature with pressure. It is suggested that the surface tem-
perature of the ammonium perchlorate in burning composite propel-
lants is only of incidental importance at moderate pressures, and
that the gas-phase reactions between the primary products control
the rate of consumption of the oxidizer. Temperature profiles for,
the combustion wave of a weak fuel-ammonium perchlorate mixture
have been recorded at several pressures using fine thermocouples,-
These measurements and the changes brought about by a burning-
rate catalyst support the hypothesis that the gas-phase reactions
control the burning rate.

A63-25049

PUMPING BOILING LIQUID HYDROGEN WITHOUT CAVITATION.
John F. DiStefano(Borg-Warner Corp., Pesco Products Div.,
Cleveland, Ohio}.

Hydraulics and Pneumatics, vol. 16, Sept. 1963, p. 118-120, 122
123.

Description of a booster pump which, submerged in liquid
hydrogen at -420°F, can deliver boiling hydrogen with enough
pressure to avoid cavitation in a downstream pump. Experimentai
results indicated that a tank-mounted booster pump can provide the
necessary net positive suction head to deliver the liquid hydrogen
to the inlet of a turbopump in a reactor-powered vehicle. A sche-
matic shows the proposed arrangement of such a system.

»
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A63-250853 _
THE SOLID PROPELLANT ROCKET INDUSTRY - WHERE DOES
THE CHEMICAL ENGINEER FIT IN?
W, P. Killian (Thiokol Chemical Corp., Wasatch Div., Process
Engineering Dept., Brigham City, Utah).
Chemical Engineering Progress, vol. 59, Sept. 1963, p. 43-48,
Discussion of composite rocket propellants, and the ways in
which they differ from double-base propellants, emphasizing meth-
ods of preparation. Considered are rocket-case preparation; oxi-
dizer and fuel-binder preparation; and propellant composition,
mixing, casting, curing, and shaping. Material and process re-
search and process development are briefly considered, and the
necessity for developing new propellants, liners, insulators, and
adhesives, as well as new plastics and metals for rocket-motor
cases, is indicated.

A63-25883

GROUND HANDLING SYSTEMS FOR LIQUID HYDROGEN.

J. J. Gilbeau and D. G. Huber {General Dynamics Corp., Astro-
nautics Div., San Diego, Calif.).

Society of Automotive Engineers, National Aeronautic and Space
Engineering and Manufacturing Meeting, Los Angeles, Calif., Sept.
23-27, 1963, Paper 753C. 5p.

Members, $0.75; nonmembers, $1.00.

Discussion of the basic design philosophy of the development of
ground handling systems for liquid hydrogen. Reviewed are various
problems and solutions associated with this development. The
design system for handling liquid hydrogen is described in brief.

It is shown that handling of LH, can be safely accomplished if based
on the safety precautions developed in the Centaur program.
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A64-10077

CRYOGENIC PROPELLENT SUPPLY FACILITIES.

J. B. Gardner (British Oxygen Co., Ltd., Scientific Diwv., Llondon,
England).

(British Interplanetary Society, Symposium on Ground Support
Facilities in Astronautics, Mar. 6, 1963, London, Engiand, Paper.)
British Interplanetary Society, Journal, vol. 19, Sept. -Oct. 1963,
p- 230-240; Discussion, p. 240.

Techniques and problems which arise 1in the large-scale produc-
tion and handling of cryogenic fluids are discussed. The paper is
mainly concerned with propellents (liquid oxygen and hydrogen), but
some mention is made of liquid nitrogen and helium and their applica-
tions in astronautics.

A64-10078

CHEMISTRY OF SOME INORGANIC NITROGEN FLUORIDES.
A. V. Pankratov.

(Usgekhi Khimii, vol. 32, Mar. 1963, p. 336-353.)

Russian Chemical Reviews, vol. 32, Mar. 1963, p. 157-165.
75 refs. Translation.

The chemical and physical properties of tetrafluorohydrazine,
difluoramine, chlorodifluoramine, fluorine azide, trans-difluoro-
diazine, and cis-diflucrodiazine, in the light of the interest in
compounds containing the NF2 group as rocket fuels. An analysis
of the structure of the nitrogen triflucride molecule is given to
provide a better understanding of the properties of the nitrogen
fluorides.

A64-10250

THERAPY OF ACUTE UDMH INTOXICATION.

Kenneth C. Back, Mildred K. Pinkerton, and Anthony A. Thomas
{USAF, Systems Command, Aerospace Medical Div., Aerospace
Medical Research Laboratories, Wright-Patterson AFB, Ohio).
Aerospace Medicine, vol. 34, Nov. 1963, p. 1001-1004. 10 refs.

40

Investigation of both symptomatic and antidotal treatment of
acute intoxication by UDMH (missile fuel, 1,1-dimethylhydrazine),
emphasizing the effect of two Vitamin B¢ congeners, pyridoxine
and pyridoxamine. Symptomatic treatment consisting of a combina-
tion of sedatives, anticonvulsants, cardiac glycosides, potent vaso-
constrictors, artificial respiration, and plasma expanders failed to
protect animals from lethal doses of UDMH. Vitamin By analog
therapy is seen to constitute the first successful approach to specific
treatment which prevents convulsions and death in all species tested.
The EDs(' s {effective doses) of pyridoxine hydrochloride and pyri-
doxamine dihydrochloride were determined in mice, rats, dogs,
and monkeys. The only manifestation which was not abolished by
this therapy in dogs and monkeys was vomiting. The data presented
are the basis for a suggested emergency treatment of severely ex-
posed personnel, consisting of the injection of 25 mg/kg pyridoxine
hydrochloride.

A64-M2

REACTION OF PENTABORANE AND HYDRAZINE AND THE
STRUCTURE OF THE ADDUCT.

H. V. Seklemian and R. W. Lawrence (Aerojet-General Corp.,
Azusa, Calif,).

AIAA Heterogeneous Combustion Conference, Palm Beach, Fla.,
Dec. 11-13, 1963, Preprint 63-503. 5 p.

Members, $0,50; nonmembers, $1.00,

USAF -supported research.

Brief description of tests on the reaction of pentaborane with
hydrazine carried out in very dilute cyclohexane solutions, where
the products are an insoluble adduct and hydrogen. It'is found by
observing the amount of reactants consumed that the adduct formed
was of a molar ratio of one mole of pentaborane to two moles of
hydrazine. Any hydrazine in greater concentration than this two-
to-one-ratio could be separated from the adduct along with the
solvent by vacuum evaporation. It was concluded that the adduct
composition was that of the two-to-one molar ratio, 85H9 .2 NZH
The kinetics of the reaction and the decomposition of the insoluble
adduct are described.
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EFFECT OF DESENSITIZING AGENTS ON THE INITIATICN
OF SPHERICAL DETONATION WAVES IN LIQUID HYDROGEN
AND OXYGEN MIXTURES A63-20498

BURNING VELOCITY, SPECTRUM, AND SOLID AND GASEOUS
COMBUSTION PRCODUCTS OF PREMIXED DIBORANE-HYDRAZINE
FLAME A63-22576

IGNITIONS IN MIXTURES OF HYDROGEN, OXYGEN, AND
NITROGEN DIOXIDE ARE ISOTHERMAL NEAR SOME IGNITICN
BOUNDARIES AND THERMAL NEAR OTHERS

A63-22583

PROCESS QF IGNITION, AND EFFECTS OF OXYGEN AND
WATER VAPOR ON COMBUSTION IN THE BUKNING OF
ALUMINUM PARTICLES IN AN ATMOSPHERE CF CCNTROLLED
TEMPERATURE AND COMPOSITION A63-22¢€31

COMBUSTION CHAMBER

ATTENUATION OF TANGENT-PRESSURE OSCILLATION IN
LIQUID-OXYGEN-HEPTANE ROCKET ENGINE COMBUSTION
CHAMEER USING LONGITUDINAL FIN

NACA-RM-ES56C09 Né63-14761

INSTRUMENT TG RAPIDLY ESTABLISH IGNITIGN DELAY IN
HYPERGOLIC FUELS UNDER VARIOUS CONDITIONS
A63-24279

COMBUSTION INSTABILITY

COMBUSTION INSTABILITY OF BURNING SOLID PROPELLANT
AND ASSCOCIATED RESEARCH
TG-371-48 N63-15576

PULSE TECHNIQUE FOR ASSESSING FINITE WAVE AXIAL

COMBUSTION INSTABILITY OF ALUMINIZED AMMONIUM

PERCHLORATE-POLYURETHANE SOLID PROPELLANT
N63-15589

COMBUSTION PHYSICS

COMBUSTION PHYSICS - LIQUID, SCLID AND GAS PHASES
NASA-CR-50312 N63-18501




COMBUSTION TEMPERATURE
TEMPERATURE DISTRIBUTION FROM COMBUSTION
OSCILLCGRAMS GF STABLE AND UNSTABLE REGIONS OF
AMMONIUM PERCHLORATE BURNING A63-23922

COMBUSTOR
ENDURANCE TESTING FOR SPLASH-COOLED COMPUSTOR AND
FOR CCRRCSICN PRCTECTION CF TURBINE BLADING ALLOYS
AD-422582 N64-129346

COMMUNICATIONS SATELLITE
LIQUID HYDROGEN PRGPELLANT SYSTEM FOR THIRD STAGE
OF A COMMUNICATICN SATELLITE LAUNCHER
A63-21240

COMPOSITE PROPELLANT
PROPELLANT SENSITIVITY - EFFECTS OF ENVIRONMENTAL
CONTROL & SURFACE CCATING Giv IMPACT DETONATION OF
SOLID CCMPCSITE PRCPELLANTS IN CONTACT WITH METALS
N63-16261

PREPARATION OF COMPOSITE ROCKET PROPELLANTS
DISCUSSING ROCKET CASE, OXICIZER, FUEL BINCER AND
FUEL PROCESSING METHODS A63-25085

CONDUCTIVITY
SOLUTION AND CONDUCTIVITY STUDIES IN FLUORINE
CONTAINING LIQUID CXIDIZERS N63-22795

CONTAMINATION
TOXICOLOGICALLY SIGNIFICANT CENVIRONMENTAL
CONTAMINANTS NEAR TITAN II TEST FIRING FACILITIES
AMRL-TDR-63-52 N63-19845

COOLING
DETECTING THE FULLY CCOLEC STATE
OXYGEN PIPELINE

OF A LIQUID

ARC-CP-573 N62-10177
GROUND FACILITY REQUIREMENTS FOR SUBCOOLING
LIQUID HYDROGEN

NASA-TN-D-1276 N62-13775

COOLING SYSTEM
SULIOIFICATION OF LIQUID HYDROGEN AND NEON FOR
CRYOGENIC~SOLID COOLING SYSTEM

AD-403445 N64-12993

COPPER COMPOUND
DEFLAGRATION WAVE PROPAGATION AT SURFACES 0OF
AMMONIUM PERCHLDRATE-COPPER CHROMITE-CARBON
PELLETS AND THERMAL IGNITION STUDY
N63-20061

COPPER OXIDE
THEORY OF SELF~-HEATING AND APPLICATION TO AMMONIUM
PERCHLORATE AND CUPROUS OXIDE SYSTEMS, ANALYZING
EQUATION GOVERNING TEMPERATURE IN SOLID UNCERCOING
AN EXOTHERMIC CHEMICAL REACTION
A63-22601

CORROSION PREVENTION
ENDURANCE TESTING FOR SPLASH-COODLED COMBUSTOR AND
FOR CORROSION PROTECTION OF TURBINE BLADING ALLOYS
AD-422582 N64-12935

CRYOGENIC EQUIPMENT
DESIGN OF GRCUND HANDLING FACILITIES FOR LIGQUIC
HYCROGEN, NOTING SAFETY SYSTEM DEVELOPEDR FOR
CENTAUR PROJECT

SAE PAPER 753C A63-258€3

CRYOGENIC FLUID
COMPATIBILITY UF STRUCTURAL MATERIALS WITH HIGH
PERFORMANCE CRYOGENIC LIQUID OXIDIZERS CONTAINING
FLUDRINT COMPOUNDS N63-19901

CRYOGENIC PROPELLANT
TENPERATURE STRATIFICATICN CF CRYOGENIC
PROPELLANTS N63-11329

PERFCRMANCE CF MCDEL LIQUIC HYDROGEN TANKAGE
WITH COMPRESSIBLE SUPZR INSULATICN
SAE PAPER 578D A63-1C182

RCCKET ENGINE AS AN ENERGY CCNVERSION DEVICE, AND
COMPARISON OF THE PERFORMANCE OF CRYOGENIC
PROPELLANTS WITH STORABLE AND SCLID PROPELLANTS

A63-14292

COMPARISON OF STORABLE AND CRYOGENIC PROPELLANTS,
UTILIZING EXPERIENCE CAINED FROM TITAN I AND TITAN
II PROGRAMS
AIAA PAPEK 63-177 A63-18455
CRYGGENIC PROPELLANT USE PARAMETERS AND STCRAGE
PROBLEMS
AIAA PAPER 63-259 A63-18796
CRYOGENIC PROPELLANT STRATIFICATION ANALYSIS GIVES
VOLUME AND TEMPERATURE OF UPPER PROPELLANT LAYER
AS FUNCTIUN OF TIME, AND CORRELATION OF LIQUID
NITROGEN AND LIQUID OXYGEN TITAN AND VANGUARD TEST
A63-19437

LARGE~-SCALE PRODUCTION AND HANDLING PROBLEMS OF
CRYQJGENIC PROPELLANTS, LIQUID HYDRUOGEN, OXYGEN,
NITROGEN AND HELIUNM ARE DISCUSSED

A64-10077

CRYDGENIC STORAGE
DISCUSSION OF SUPERCRITICAL CRYOGENIC HYDRCGEN
AND OXYGEN STORAGE SYSTEMS FOR REACTANT SUPPLY OF
A DIRECT ENERGY CONVERTER IN MANNED SPACECRAFT
ARS PAPER 62-2515 A63-11846

MISSION ANALYSES OF THE STORABILITY AND
PERFORMANCE CHARACTERISTICS OF A GIVEN PROPELLANT
COMBINATION

ARS PAPER 62-2723 A63-12693
CRYOGENICS
HEAT TRANSFER TO CRYQOGENIC FLUIDS
N62-11730

CRYOGENIC TECHNOLOGY -~ SUPER INSULATION FOR SPACE
APPLICATICNS - PRCDUCTICN CF SCLID HYDROGEN FUEL

N63-17307
SOLIDIFICATION OF LIJUID HYDROGEN AND NEON FOR
CRYOGENIC-SOLID COOLING SYSTEM
AD-403445 W64—-12999

CRACK FORMATION
INVESTIGATION OF THE POSSIBILITY THAT THE STZEP
THERMAL GRADIENT EXISTING AT THE BURNING SURFACE
OF AMMONIUM PERCHLORATE AT HIGH PRESSURES CAN LEAC
TO SHEAR STRESS WHICH CAUSES CRACKING
A63~17021

CRYSTAL
DETERMINATION OF ENTHALPY AT WHICH AMMONIUM
PERCHLORATE UNDERGOES CRYSTALLOGRAPHIC TRANSITION
FRCM A RHOMRIC TC A CUBIC FORM
A63-11568

CYCLOHEXANE
REACTICN OF PENTABORANE ANC HYDRAZINE IN VERY
DILUTE CYCLOHEXANE SOLUTIGNS AND STRUCTURE OF THE
ADDUCT

AIAA PAPER 63-503 A64-11112

DECOMPOSITION
SOLID PRCOPELLANTS — KINETICS OF THERMAL
DECOMPOSITION CF AMMONIUM PERCHLORATE
N62-17768

NITROGEN MONCHYDRIDE AS INTERMEDIATE PRODUCT OF
DECOMPOSITICN OF CHLOROAMINE BY ULTRAVIOLET
IRRADIATICON

TIL/T-5368 N&3-13739
MECHANISMS OF DECCMPCSITION, COMBUSTION, AND
DETONATION OF SOLIDS N&3-14488



SOLID FUSL COMBUSTICN, DETCNATION AND
DECOMPUSITION BY FLAME ANALYSIS

N63-17542
DEFLAGRATION
DEFLAGRATICN TO DZTONATION IN PROPEZLLANTS AND
EXPLOSIVES
BM-SR-3863 N62~14674

INFLUENCE OF VERY HIGH PRESSURE /10CO - 23000-PSI/
ON DEFLAGRATION RATE OF PURE AMMONIUM PERCHLORATE
N63-18536

DEFLAGAATION WAVE PROPAGATICN AT SURTACES OF
AMMONIUM PZRCHLORATE-COPPER CHROMITE-CARBON
PELLETS AND THERMAL IGNITION STUDY

N63-20061

DEFLAGRATION GF PRESSED AMMONIUM PERCHLORATE
A63-10397

STUDY OF BURNING RATES ANC CHEMICAL KINETICS OF
THE DEFLAGRATION PROCESS CF AMMONIUM PERCHLORATE
A63-15740

CALCULATICN CF DEFLAGRATICN LIMITS IN THE STEADY
LINEAR BURNING OF A MONOPROPELLANT WITH
APPLICATION TG AMMCNIUM PERCHLCRATE

A63-15741

DEFLAGRATING CHARACTERISTICS OF PURE AMMONIUM
PZRCHLGRATE STRANDS, ANALYZED BY MEANS CF A
CLOSED-EOMB STRAND BURNING TECHNIQUE AT HIGH
PRESSURES AE3-22600

DEFORMATION
SGLID PROPELLANT INVESTICATICN — DEFORMATICN AND
VOLUME CHANGE, BINDER-CXIDANT INTERFACZ AND
FAILURE MGODES, PROPCLLANT MICROSTRUCTURE

N63-14617
DENSITY
BULK DENSITY OF BOILING LIQUID CXYGEN
N63-19999
DEPOSITION

NUCLEAR RADIATICN TRANSFER AND HEAT CEPOSITION
RATES IN LIQUID HYDROGEN
NASA-TN-D-1115 N62-14720
DESTRUCTIVE TESTING

RADIANT HEAT FLUX AND TOUXICITY IN DYNA-SGAR -

TITAN Il DESTRUCT TESTS

ASD-TDR-62-221 N62-17108
DETECTION

DETECTING THE FULLY CCCLED STATE OF A LIQUIT

OXYGEN PIPELINE

ARC-CP-£273 N62~-10177
DETONABLE GAS MIXTURE

CCMBUSTION IN THE GASECUS PHASE CF UNSYMMITRICAL

DIMETHYL HYDRAZINE, WHICH WILL UNDERGO SPOUNTANEOUS

IGNITION IN DECCMPCSITICN AND CXIDATION

A63~12336

EFFECT OF DESENSITIZING AGENTS ON THE INITIAYICN
OF SPHERICAL DETONATICN WAVES IN LIQUID HYDROGEN

AND COXYGEN MIXTURES A63-20498
DETONATION

DEFLAGRATION TG DETCNATICN IN PROPZLLANTS AND

EXPLOSIVES

BM-SR-3863 Ne2-14674

FIRE £ATINGUISHERS,
SUPPRESSION
ASU-TDR-€2-52¢

SAFETY, AND DETONATION

N63-101473

CGMBUSTIGON ANT DETONATION HAZARDS OF LIGQUIC
HYDROGEN IN R&ED FACTLITIES
ASD-TOR-62-1027

MECHANTSMS OF CECOMPOSITION,
DETGNATION CF SOLILS

N63-11878

COMBUSTION, ANC
N63-14488

DETONATION BEHAVICR OF SOLID PRCPILLANTS
U-2059 N63-14740
PROPELLANT SENSITIVITY - EFFECTS OF ENVIRCNMENTAL

CONTROL & SURFACE COATING CN IMPACT DETCNATION OF
SOLID CUMPGSITE PRCPELLANTS IN CONTACT WITH METALS
N63-16261

SGLID FUCL COMBUSTION, DETCNATION AND
OECOMPOSITION BY FLAME ANALYSIS

N63-17542
DETGNATION AND SHGCK TUEBE STUDIES OF HYDRAZINE AND '~
NITROUS OXIDE MIXTURES
ARL-63-157 N63-c2347

INVESTIGATION GF THZ DETONATION OF CONDENSED
EXPLOSIVES SUCH AS NITROMETHANE
A63-18514

DIBORANE
ADVANCED HIGH ENERGY SPACE
OXYGEN S8IFLUORIDZ, DIBORANE
RMD-5507~F

STORABLE PRCPELLANT -
N63-13249

OXYGEN DIFLUORIDE-DIBORANE PROPELLANTS FOR USE IN
SPACE PROPULSIGN SYSTEMS - PERFORMANCE AND SPACE

STORABILITY ANALYSIS
AIAA PAPER-63-238 NE63-18342

BURNING VELOCITY, SPECTRUM, AND SOLID AND GASEGUS

COMBUSTION PRODUCTS OF PREMIXED DIBORANE-HYDRAZINE
FLAME A63-22576

DIBROMOTETRAFLUOROETHANE
PROPELLANT COMPATABILITY WITH AEROSPACE MATERTALS
DMIC-MEM0O-151 N62-13202

DIMETHYL HYDRAZINE
TITAN I1 STORABLE PRUPELLANT HANDBOOK
AFBSD-TR-62-2 N62~16669

MODIFIED TYPE A-1B SERVICING TRAILER FCR HYDRAZINE
AND UNSYMMETRICAL DIMETHYL HYNRAZINE
SSD~-TDR-62~176 N63-11133

COMBUSTICN IN THE GASECUS PHASE OF UNSYMMETRICAL
DIMETHYL HYDRAZINE, WHICH WILL UNDERGOD SPONTANEOUS
IGNITION IN CECOMPOSITION AND OXIDATION

A63-12236

THERMOCONDUCTIVITY OF GASEOQUS UNSYMMETRICAL
DIMETHYLHYDRAZINE DETERMINED BY HCOT-WIRE METHCD
EMPLOYING FIVE STANDARD GASES

A63-19458

SPONTANEGUS IGNITICN OF HYDRAZINE AND NITRIC OXIDE
AND CF HYDRAZINE AND NITRCOUS OXIDE TO DETERMINE
MODES OF REACTION, MECHANISMS COF IGNITION AND ROLE
OF SELF-HEATING IN THESE REACTIONS

A63-22578

DICXYGEN DIFLUORIDE
OXYGEN FLUCRIDE REACTIUONS - DICXYGEN DIFLUCRIDE
SUBSTITUTION & ADDITION PRODUCTS, ELECTRIC SPARK
PREPARATION OF XENON AND KRYPTON TETRAFLUSRIDES
N63-15160

DOUBLE BASE PROPELLANT
TITAN I@ STORABLE PROPELLANT HANDBOOK
AFBSD-TR-62-2 N62-16669

DRAG COEFFICIENT
HEAT TRANSFER CRAG COEFFICIENT FOR ETHANQL QRCPS
IN ROCKET CHAMBER BURNING ETHANOL AND LIQUID

OXYGEN N62-16039
bucry
VIBRATIUN TESTING OF LIQUID OXYGEN PROPELLANT DUCT
N63-14122

DYNA-SOAR SPACE GLIDER
RADIANT HEAT FLUX AND TOXICITY IN DYNA-SCAR -
TITAN II DESTRUCT TESTS

ASD-TOR-62-221 N$2-17108




PROTECTIVE EFFICACY OF VITAMIN E & CONGENERS,

PYRIDCXINE AND PYRIDUXAMINE, IN TH:Z THCRAPY CF

ACUTE 1,1-DIMETHYLHYDRAZINE /UDMH/ INTOXICATION
A64-10250C

ELASTOMER
RESISTANCE OF COMMERCIALLY AVAILABLE AND
EXPERIMENTAL PCLYMERS TU HYDRAZINE-TYPE OXIDIZiERS

A63-18122
ELECTRIC DISCHARGE
OXYGEN FLUGRIDE R ACTIONS - DIOXYGEN DIFLUCRIDE
SUBSTITUTICN & ADDITION PRODUCTS, FLECTRIC SPARK

PREPARATION OF XENON AND KRYPTON TETRAFLUGRIDES
N63-15160

ELECTROLYSIS
ELECTROLYSES IN ANHYDROUS HYDROGEN FLUCRITE
SYSTEMS — HF-NITRGUS GXIDE, HF-NITROGEN TZTROXIDE,
NITRIC OXIDE
R-5077 H63-15917
ELECTROSTATICS
ELECTROSTATIC HAZARDS ASSCCIATED
AND STGRAGE OF LIQUID HYDRUGEN

WITH THE TRANSFER

C-61692 N62-17256
EMISSION

STUDY GF INFRAREZD EMISSION FROM FLAMES AND

HOT GASES

RADC~TR~57-51 N62-16655
ENCAPSULATION

ENCAPSULATION OF LIQUID PROPELLANT WITHIN ®CLYMER

WALL N63-10090
ENERGY

HIGH ENERuY LIQUID CHEMICAL PROPULSION SYSTEMS -
PART 1, PROPELLANT SELECTICN FOR SPACE MISEINNS
N&3-13081

ENVIRONMENT
TOXICGLGGICALLY SIGWIFICANT ENVIRONMENTAL
CUNTAMINANTS NEAR TITAN EI TEST FIRING FACILITIES
AMRL-TDR-63~-52 N63-13845

MISSILE PROPELLANT EFFECT ON ENVIRONMINTAL
POLLUTION
AMRL-TDR~-63-75 N63-23574
ENVIRONMENTAL CONTROL

PROPELLANT SENSITIVITY - EFFECTS OF IwVIRONMENTAL

CONTROL & SURFACTZ COATING CN IMFACT DETONATIGN OF
SCLID CCMPGSITE PRCPELLANTS IN CONTACT WITH METALS
N63-16261

ETHYL ALCOHOL
HEAT TRANSFER DRAG COEFFICIENT FOR ETHANOL DRQOPS
IN ROCKET CHAMBER BURNING ETHANOL AND LIQUID
OXYGEN N62-16039

EXOTHERMIC REACTION
THEORY OF SELF-HEATING AND APPLICATICON TO AMMONIUM
PERCHLORATE AND CUPROUS OXIDE SYSTEMS, ANALYZING
EQUATION GOVERNING TEMPERATURE IN SOLID UNDERGOING
AN EXOTHERMIC CHEMICAL REACTICN
A63-22601

EXPLOSIVE
DEFLAGRATIGN TO DETCNATION IN PROPELLANTS AND
EXPLOSIVES

BM-SR-3863 N62-14674

LIQUID HYDROGEN - DANGERS GF EXPLUSICN AND OTHER
RELATED SAFETY HAZARDS TQ PERSONNEL
BMRI-5707 N63-14981

EXPLCSIONS INDUCED BY CONTACT CF HYDRAZINE FUELS
WITH NITRGCEN TETRCXICE - FIRE HAZARC
ASD-TDR-62-685 N63-17985

FIRE ANC EXPLOSION HAZARDS OF FLIGHT VEWICLE

COMBUSTIBLES

B4-1C-3137 N62-224T77
FACILITY

GRGUND FACILITY REQUIREMENTS FOR SUBCCCLING
LIQUID HYJROGEN

NASA-TN-D~1276 N62-13775

FAILURE MODE
SOLID PROPELLANT INVESTIGATION — DEFORMATION AND
VOLUME CHANGE, BINCER-CXIDANT INTERFATE AND
FATLURE MUDES, PRUPELLANT MICRLSTRUCTURE
N63-14617

FIN
ATTENUATION CF TANGENT-PRESSURE CSCILLATION IN
LIQUID-CXYGEN-HEPTANE ROCKET ENGINE COMEUSTION
CHAMBER USING LONGITUDINAL FIN
NACA-RM-F56CC9 N63-14761

FIRE
FIRT AND EXPLOSICN HAZA4RDS OF FLIGHT VEHICLE
COMBUSTIBLES
BH-1C-3137 N53-22477

FIRE CONTROL
FIRE CONTRCL IN LIQUID HYDROGEN AND LIQUID OXYGEN
PRCPULSICN SYSTEMS
ASC-TDR-62-5265 PT. 11 N63-188993

FIRE EXTINGUISHER
PRCPELLANT COMPATABILITY WITH AEROSPACE MATURIALS
CMIC-MEMU-151 Ne2-13202

FIRE EXTINGUISHIRS,
SUPPRESSIN

SAFETY, AND DETONATION

ASD-TOR-62-5¢¢ N63-10149
FISSION

HYDRAZINE PROCESS DEVELCPMENT

ASD~-TR-7-840A/11/ N62-13172

HYDRAZINE PROCESS DEVELUPMENT

ASD-TR-7~840A/V/ N62-13173

FISSTOCHEMISTRY — NUCLEAR REACTOR PROCLSS FOR
PRODUCTION OF HYDRAZINE FROM AMMCNIA
ASD-TR-7-840A/VII/ NE3-13706

I4-REACTOR LCOP FUR FRCDUCTION GF HYDRAZINE 8Y
FISSTOCHEMISTRY

AGN-AN-1C13 NE3-20643
FLAME

STUDY OF INFRARED EMISSION FROM FLAMES AND

HOT GASES

RADC-TR-57-51 N62-16655

INFRARED RADIATION AND TEMPERATURE MEASUREMENTS IN
SOLID PROPELLANT FLAMES — ARCITE-3(8
TR-£00-5 N&3-12280

SOLID FUEL CCMBUSTICN, DETONATION AND
DECOMPCSITICN BY FLAME ANALYSIS
N63-17542

MEASUREMENT CF BURNING SURFACE TEMPERATURES OF
PROPELLANT COMPOSITIONS BY INFRARED EMISSION
A63-10109

FLAME ANALYSIS
BYRANTNG VELOCITY, SPECTRUM, AND SCLID AND GASEGUS
COMBUSTION PRJIDUCTS OF PREMIXED DIBORANE-HYDRAZINE
FLAME 453-22576

FLAME PROPAGATION
RESEARCH ON MECHANISM OF FLAME INHIBITION
ASD-TR-61-717 N62-17105
REVIEW OF RESEARCH ON COMELUSTICN BEHAVICR QF
COMPOSITE SOLID PRCPELLANTS SUCH AS AMMONIUM



PERCHLGRATE DISPERSED IN ORGANIC FUEL MATRIX
A63-11065

FLOW METER
DESCRIPTION UF A TURBIWE-TYPE FLOWMETER IN A
VACUUM JACKET TO MEASURE LIQUID-HYDROGEN MASS

FLOW IN ROCKET ENGINES A63-12222
FLUORIDE
HIGH ENERGY LIWUID CHEMICAL PROPELLANT SYSTEMS
N62-11029
INORGANIC CHEMISTRY OF THE OXYGEN SUBFLUORIDES
RMD®5009-01 N62-16968
FLUGR INATION
DIRECT FLUCRINATICN GF GRGANIC CCMPGUNDS
NE3-11736
FLUORINE
SOLID PRUPELLANT OXIOUZER SYNTHESIS, FLUURINE
COMPOUNDS
MRE-2022G1 N63-10993

SOLUTION AND CONDUCTIVITY STUNIES IN FLUGRINE
CONTAINING LIQUIN OXIDIZERS N&3-22735

FLUORINE COMPOUND
BINARY CCMBINATIONS OF ENERGETIC FLUGRINE
CONTAINING OXIDIZERS - CCNDUCTIMETRIC TITRATIONS
OF CCH4PCUNDS WITH CHLORINE € FLUCQRINE ICONS
MRE-202204 NE3-19102

COMPATIBILITY OF STRUCTURAL MATERIALS WITH HIGH
PERFORMANCE CRYOGENIC LIQUID OXIDIZERS CONTAINING
FLUOKINE COGMPCUNDS N63-19901

FLUQROCARBGN
PROPELLANY COMPATAEILITY WITH AEROSPACE MATERIALS
OMIC-MEMC-151 N62-13202

FREE RADICAL PROPULSION
DEVELOPMENT OF CHENICAL ROCKET PROPELLANTS
OF LITHOGOLIC AND FREr RADICAL TYPES

A63-10920
FUEL
HYDRAZINE PROCESS DEVELOPMENT
ASD-TR-T-84CA/IT/ Née2-13172
HYDRAZINE PROCESS DEVELOPMENT
ASD-TR-7-84C8/V/ N62-13173

COMPATIBILITY OF LUBRICANTS WITH MISSILE FUELS AND
OXIUTILRS - ORGANIC FLUCRINF CCMPOUNTS
A52-13 N63~1332¢6

LUBRICANT GREASES NONREACTIVE wITH MISSILE FUELS
AND CXIDIZERS
FA-A63-10 N64-12705
FUEL TANK
DESIGN CF ATRCRAFT FUEL TANKS FOR LIQUID HYDRQGEN
NACA-RM-ESSF22 N63-12535

INSULATING AND STRUCTURAL MATZRIALS FOR LIQUIC
HYDROGEN FUEL TANKS

AFFTC-TR-60-43, VOL. III Ne3-1467¢

G
GAS

GASEOUS DETONATIONS AND SHUCK WAVE EXPERIMENTS
WITH HYDRAZINE
ARL-62-3320 NE2-14047
STUDY CF INFRARED EMISSICN FROM FLAMES AND
A0T GAScES

RADC-TR-57~51 N62-16655

GAS CHROMATOGRAPHY
DETERMINATION CF WATER IN HYDRAZINE BY GAS
CHROMATUOGRAEPHY

JPL=TR-32-362 N63-13444

GRAVITATION, GRAVITY
LIQUID OXYGEN STORAGE AND CONVERSION SYSTEM FGR
ALL CONDITIONS GF GRAVITY
AMRL-TDR-62-143 N63-13145
GREASE
COMPATIBILITY OF GREASE LUBRICANTS wITH LILUID
FUELS AND OXIDIZERS FOR MISSILES
N63-17832

LUBRICANT GREASES NCNREACTIVE WITH MISSILE FUELS
AND CXIDIZERS
FA-A63-1C N64-12705
GROUND
GROUND FACILITY REQUIREMENTS FGR SUBCOOLING
LIQUID HYDROGEN
NASA-TN-D-1276 N62-13775
GROUND HANDLING FACILITY
DESIGN GF GROUND HANDLING FACILITIES FOR LIQUID
HYDROGEN, NOTING SAFETY SYSTEM DEVELOPED FOR
CENTAUR PRCJECT
SAE PAPER 753C A&3-25883
GROUND SUPPORT SYSTEM
LIQUID HYOUROGEN SERVICING SYST&EM FCR OSATURN
LAUNCH COMPLEX - TEST OF LIQUID HYCROGEN GAS PUMP,
VAPUGRIZATION COILy VENT SYSTEM AND SURCOOLER

NASA-CR-51733 N63-22161
HANDLING
THZ HANDLING AND STORAGE OF LIQUID PROPELLANTS
N62-17928

HANDLING AND STQRAGE OF NITROGEN TETROXIDE
PRCPELLANT

RTD-TDR-63-1033 N63-15735

HAZARD
COMBUSTICN AND DETCNATION HAZARCS CF LIQUID
HYDROGIN IN RED FACILITIES
ASD-TDR-02~1027 N63-11€78
EXPLOSICNS INDUCED BY CCNTACT OF HYDRAIINE FUELS
WITH NITROGEN TETROXIDE - FIRE HAZARD
ASD-TDR-62-685 N63-179E&5

FIRE AND EXPLCSICN HAZARDS OF FLIGHT VEHICLE
COMBUSTIBLES
BM-1C-8137 N63-22477
HEAT
NUCLEAR RADIATION TRANSFER AND HEAT DEPOSITION
RATES IN LIQUID HYDROGEN
NASA-TN-D-1115 N62-14720
HEAT FLOW
THERMOCONDUCTIVITY OF GASEOUS UNSYMMETRICAL
DIMETHYLHYDRAZINE DETERMINED BY HOT-WIRE METHOD
EMPLOYING FIVE STANDARD GASES
A63~-19458

HEAT FLUX
RADIANT HEAT FLUX AND TOXICITY IN DYNA-SOAR ~
TITAN Il DESTRUCT TESTS

ASD-TDR-62-221 N62-17108
HEAT TRANSFER
HEAT TRANSFER TO CRYOGENIC FLUIDS
N62-11730

HEAT TRANSFER DRAG COEFFICIENT FOR ETHANCL DROPS
IN ROCKET CZHAMBER BURNING ETHANOL AND LIQUID
CXYGEN N62-16039

RADIATION LOSS AND HTZAT TRANSFER IN A BURNING
RECTANGULAR BLOCK UF AMMONIUM PERCHLURATE

A63-15118
HEATING
HEATING OF LIQUIC HYDROGEN FROM NUCLEAR RADIATION
N62-15396




THEORY OF SELF HEATING AND APPLICATION TG AMMONIUM

PERCHLGRATE-CUPRCUS CXIDE SYSTEM ~ ICGNITICN TIME
CALCULATIONS Ne3-18537
HEPTANE

ATTENUATION OF TANGENT—-PRESSURE OSCILLATION IN
LIQUID-CXYGEN-HEPTANE ROCKET ENGINE COMBUSTION
CHAMBER USING LONGITUNINAL FIN

NACA-RM-E56C09 N63-14T761

HEXANITROETHANE
REVIEW OF THE PHYSICAL AND CHEMICAL PROPERTIES COF

HEXANITROETHANE AS A POSSIBLE HIGH ENERGY
OXIDIZER A63-13738

HIGH ALTITUDE
LIQUID HYDROGEN AS
AIRCRAFT

JET FUEL FOR HIGH-ALTITUDE

NACA-RM-£55C28A NE3-12541
HIGH ENERGY LIQUID PROPULSION SYSYEMS - PART 11,
0ZONE FLUCRIDE Ne3-13082

HIGH ENERGY
HIGH ENERGY LIQUID CHEMICAL PRCPELLANT SYSTEMS

N62-11029

HIGH ENERGY OXIDIZER
HIGH ENERGY OXIDIZERS - NUCLEAR MAGNETIC REZSCNANCE
AND INFRARED SPECTRUM STUDIES OF IONIC STRUCTURE
OF CHLORINE TRIFLUORIDE COMPLEXES
N63-20943

HIGH ENERGY OXIDIZERS IN SOLUTION AND
IOENTIFICATION OF PRODUCTS FORMED BY REACTION WITH
BASIC AND ACIDIC IONS

AD-423094 N64-12973

HIGH ENERGY PROPELLANT

ADVANCED HIGH ENERGY SPACE STORABLE PROPELLANT -
OXYGEN BIFLUORIDE, CIBGRANE
RMD-55Q07-F N63~13242

OPERATIONAL CHARACTERISTICS DETERMINATION OF

HIGH ENERGY PRGPELLANTS N63-13605
MATERIALS PRUBLEM FOR THROAT INSERTS GOF HIGH
ENERGY SOLID PROPELLANT ROCKETS

IDA-TR-62-19 N63-19272

HOT-WIRE MEASUREMENT
THERMOCUNDUCTIVITY UF GASEUUS UNSYMMETRICAL
DIMETHYLHYDRAZINE DETERMINED B8Y HOT-WIRE METHCD
EMPLOYING FIVE STANDARD GASES
463-19458

HYBRID PROPELLANT
THORMOCHEMISTRY - HYERID COMRUSTION
R-2267-8 N63-12123

SYNTHESIS OF NEW OXIDIZERS FOR SOLID PROPELLANTS -
PREPARATION AND PURIFICATION IN LIQUIC CXYGEN
FLUORIDE
MREB-2022Q2 N63-14221
COMSUSTION UF HYBRID PRGPELLANTS -
FLOW, REACTIONS, OXIDIZER COMCENTRATICN, HEAT
TRANSFER, & FUEL COMPOSITION On HYDRAZINE GELS
WSS/CI PAPER 63-1 N63-21805

EFFECT OF FLUID

IGNITION AND COMBUSTION UF LITHERGOLIC OR HYBRIC
PRCPELLANTS WITH A LIQUID OXIDIZER
A63-22455

HYBRID PROPULSION
RELIABILITY ANALYSIS OF HYBRID PROPULSION SYSTEM

N62-15897

RECENT DEVELOPMENTS IN LIQUID ROCKET PROPULSION,

ESPECTIALLY HIGH-ENERGY PROPELLANTS, STORABLE

FUELS,y VARIABLE-THRUST ROCKETS, AND HYBRID SYSTEMS
A63-13115

HYDRAZINE
X~1RRADTATION OF AMMCNIA AND HYDRAZINE TO
INVESTIGATE THE EFFECTS OF IONIZING RADIATIONS
CN PROPELLANTS
NASA Ti 0-1193 N62-10014
PERFORMANCE OF THE NITRCGEN TETROXIDE-HYDRAZINE
SYSTEM IN THE OXICIZER-RICH AND FUEL-RICH REGIQONS

JPL-TR-32-212 N62-10342
HYDRAZINE PRCOCESS DEVELOPMENT
ASD-TR~7-84CA/I1/ N62-13172
HYDRAZINE PRCCESS DEVELGPMENT
ASD-TR-7-840A/V/ N62-13173

GASEQOUS DETONATIONS AND SHOCK WAVE EXPERIMENTS
WITH HYDRAZINE

ARL-62-330 N62-14047

PREPARATION AND STORAGE STABILITY OF HIGH-PURITY
HYDRAZINE - CALCIUM HYDRIDE TREATMENT
N63-11416

MECHANISM AND CHEMICAL INHIBITION OF HYDRAZINE-
NITROGEN TETROXICE REACTION
ASD-TDR~-62-1041 N63-12170
DETERMINATION CF WATER IN HYDRAZINE BY GAS
CHROMATOSGRAPHY
JPL-TR-32-362 N63-13444
FISSIOGCHEMISTRY - NUCLEAR REACTOR PROCESS FOR
PRODUCTION OF HYCRAZINE FROM AMMONIA
ASD-TR-7-840A/VIIL/ N63-13706

MONOPROPELLANT HYDRAZINE - HYDRAZINE-NITRATE
MIXTURES
JPL-TR-32-348 N63-16443
EXPLOSIONS INDUCED BY CONTACT GF HYDRAZINE FUELS
WITH NITRCGEN TETROXIDE - FIRE HAZARD
ASD-TDOR-62-685 N63-17985

IN-REACTOR LOOP FCR PROODUCTION OF HYDRAZINE BY
FISSIOCHEMISTRY
AGN-AN-1013 N63-20643
DENSITY, VAPOR PRESSURE, VISCGSITY AND FRESZING
POINT OF HYDRAZINE MONCNITRATE IN HYDRAZINE
NASA-CR-5097C N63-21071

COMPATIBILITY OF POLYVINYLINRENE FLUCRIDE STRUCTURE
WITH NITROGEN TETRUXIDE AND HYDRAZINE
NASA-CR-50999 N63-21363

CHLGRINE TRIFLUODRIGE-HYDRAZINE LIQUID PROPELLANT
AND ROCKET MOTOR DEVELOPMENT
NASA-CR-510C4 N63-21722
COMBUSTION OF HY2RID PRCPELLANTS - EFFECT OF FLUID
FLOw, REACTIONS, OXIDIZER CONCENTRATION, HEAT
TRANSFER, & FUEL COMPOSITICON ON HYDRAZINE GELS
WSS/CT PAPER 63-1 N63-21805

DETONATION AND SHUCK TUBE STUDIES OF HYORAZINE AND
NITROUS OXIDE MIXTURES
ARL-63-157 N63-22347
LOWN-PRESSURE ENVIRONMENT REACTIGN CF HYDRAZINE AND
NITRCGEN TETECXICE N53-23609

THE EFFECT OF SCME ADDITIVES ON THE BURNING RATE
GF LIQUID HYDRAZINE IN A NITROGEN ATMOSPHERE
A€3-12337

INVESTIGATION QF THE RAMAN AND INFRARED SPECTRA
OF LIQUID DEUTERATED HYDRAZINE
A63-14068

COMBUSTION MECHANISMS OF LIQUID HYDRAZINE
A63-17366

REACTIGN COF HYDRAZINE AND NITROGEN TETROXIDE AT
PRESSURES OF .001 MM HG IN A STEEL VACUUM TANK
A63-203500



BURNING VELOCITY, SPECTRUM, AND SCLID AND GASEULUS
COMBUSTICN PRGDUCTS GF PREMIXED DIBCRANE~-HYDRAZINE
FLAME A63-22576

REACTICON CF PENTABCRANE AND HYDRAZINE IN VERY
DILUTE CYCLOHEXANE SOLUTICONS AND STRUCTURE UF THE
ACDUCT

AIAA PAPER 63-503 A64-11112
HYDRAZINE PERCHLORATE

HEAT STABILITY OF PROPELLANTS, HYDRAZINE

PERCHLORATE

AIN-62-90 N62-14300

HYDROCARBON COMBUSTION
COMBUSTIGON IN THE GASEUUS PHASE OF UNSYMMETRICAL
DIFETHYL HYODRAZINE, WHICH WILL UNDERGOD SPONTANECUS
IGNITIUN IN DECLMPGSITION AND CXIDATIGN
A63-12336

IGNITIONS IN MIXTURES GF HYDROGEMN, OXYGEN, ANC
NITROGEN DIGXIDE ARE ISOTHERMAL NEAR SOME IGNITION
BOUNDARIES AND THERMAL NEAR OTHERS

AE3-22583

HYDROGEN
HEAT TRANSFER TO CRYOGENIC FLUIDS
N62-11730

RACIATION DAMAGE TO HYDROGEN BONDEG PRCPELLANTS
STOREZD IN SPACE - MZASUREMENT METHODS

ANL—-65E85 NbZ—15264

FIRE EXTINGUISHERS, ANC DETCNATION
SUPFRESSION
ASD-TDR-62-526

SAFETY,
N63-10149

HYDROGEN FLUCRIDE
ELZCTROLYSES IN ANnYDROUS HYDROGEN FLUCRIDE
SYSTEMS - HF-NITROUS OXIDE, HF-NITRCG:EN TETROXIDE,
NITRIC GXISE
R-5077 N63-15317
HYDROGEN FUEL
CRYI52NIC TECHNOLCGY - SUPER INSULATICN FOR SPACE
APPLICATIONS - PRCOUCTIUON GF SGLID HYDRIGEN FUEL
N63-17907

DISCUSSION OF THE EXPERIENCE GAINED FROM THCZ
QEVIEW 0OF THE PERFORMANCE UF NINETY-LTGHT PER CENT
HYJRCGEN PERCXIDE AS A LIQUID MROPELLANT OF
EXCEPTIONALLY HIGH PERFORMARCE

A63-13434

HANDLING GF LIQUID HYDRCGEN FOR THE CENTAUR SPACE
VEHICLE
ATAA PAPER 63090-63 A63-15209
LIQUID HYDROGEN PRCPELLANT SYSTEM FCR THIRD STAGE
CF A COMMUNICATION SATELLITE LAUNCHER

A63-21240

HYDROGEN PERGOXIDE
USES FOR HYDRCGEN PERCXICE IN SPACECRAFT POWER
SUPPLIES N64-10148

HYPERGOLIC PROPELLANT
IGNITION OF HYDROGEN-GXYGEN ROCKET ENGINE sY
ADIITION OF FLUORINE TO OXIDANT

NASA-TN-D-13C3 N62-14067

CALCULATION CF THECRETICAL PERFCRMANCE AND VARIGUS
THERMODYNAMIC DATA OF THE HYDRAZINE~CHLORINE-
TRIFLUDRIDE HYPERGOLIC PROPELLANT SYSTEM

A63-14723

DISCUSSION OF HYPERGOLIC PROPELLANTS INCLUDING A
BASIC NEFINITION, PROPERTIES AND THE STRUCTURE OF
PHOSPHOROUS HYPERGULS A63-14925

OUTLINE OF THE PREPARATION OF VARIOUS ORGANIC
DERIVATIVES CF PHCSPHCRACUS, PRUDUCED TG DETERMINE
HYPERGOLIC PRCPERTIES OF EACH

A63-14926

I-1¢

SPECTROGRAPHIC INVESTIGATIGN OF INFRARED
ABSORPTION BANDS OF SIX ORGANIC-PHOSPHOROUS
COMPOUNDS A63-14927

RELATIONSHIP BETWEEN ABNORMAL PRESSURES AND THE
FORMATICN UF UNSTABLE INTERMEDIATE COMPOUNDS WHEN
ANEMATED FUELS IGNITE WITH NITRIC ACID

A63-17369

REACTIGN GF HYDRAZINE AND NITRCGEN TETROXIDE AT
PRESSURES OF .00l MM HG IN A STEEL VACUUM TANK
A63-20500

INSTRUMENT TO RAPIDLY ESTABLISHE IGNITION DELAY IN
HYPERGOLIC FUELS UNDER VARICGUS CONDITIUNS
A63-24279

IGNITION DELAY OF SEVERAL TWO-COMPONENT FUELS AS A

FUNCTEION OF MIXTURE RATIO USING THE TWO-JET METHOD

AND SHOWING CATALYTIC EFFECT OF IRON IONS
A63~24283

IGNITER
ALGOL SCLID-PROPELLANT ROCKET ENGINE PROGRAM -
STATIC FIRING, IGNITER-RECOVERY
NASA-CR-50635 N63-18208
IGNITION
IGNITION AND COMBUSTION OF SOLID PROPCZLLANTS
AFOQSR~-2225 N62-11473

IGMITICN GF HYDROGEN-OXYGEN ROCKET ENGINE BY
ADDITICN OF FLUCRINE TO OXIDANT
NASA-TN-D-1309 N62-14067
RELATIVE IGNITARILITY OF SCLID PROPELLANTS EXPCSED
TO CHLORINE TRIFLUORIDE
NASA-TN-D-1533 N63-11616
MECHANISM AND CHEMICAL INHIBITION OF HYDRAZINE-
NITRUGEN TETRCXIDE REACTICN
ASC-TDR-62-1041 N63-1217C
PROPELLANTS FOR LUNAR LANDING -
DENSITY IMPULSE, IGNITICN,
NASA-TN-C-1723

HIGH SPECIFIC AND
AND STORAGE
N63-12640

THECRY OF SELF HEATING AND APPLICATION TC AMMONIUM
PERCHLORATE-CUPROUS OXIDE SYSTEM - IGNITION TIME
CALCULATIONS N63-18537

IGNITICN AND CCMBUSTIUN OF SINGLE ALUMINUM
PARTICLES AT ATMOSPHERIC PRESSURE IN AMMONIUM
PERCHLORATE-FUEL FLAMES N63-128566

DEFLAGRATIGY WAVE PROPAGATION AT SUKFATES OF
AMMOUNTUM PERCHLURATE~-CCPPER CHROMITE-CARBCN
PELLETS ANC THERMAL IGNITICN STUDY

N63-20061

IGNITION LIMIT
IGNITIONS IN MIXTURES OF HYDROGEN, GXYGEN, AND
NITROGEN CICXICE AREZ ISCTHERMAL NEAR SOME IGNITION
BOUNDARIES AND THERMAL NEAR OTHERS
A63-22583

IGNITION SYSTEM
ROCKET ENGINE STARTING WITH MIXED OXIDES OF
NITROGEN ANC LILUIC AMMUNIA BY FLOW-LINE ACDITIVES
NACA—RM~EZ 3F05 N63-12536

IGNITION TEMPERATURE
SPCNTANEOQUS IGNITICN OF HYDRAZINE AND NITRIC CXIDE

AND OF HYDRAZINE AND NITROUS OXIDE TO DETERMINE
MODES OF REACTICN, MECHANISMS OF IGNITION AND ROLE
OF SELF-HEATING IN THESE REACTIONS

A63-22578

IMPACT SENSITIVTTY
REACTIONS COF TITANIUM WITH GASEQUS ANC LIQUID
OXYGEN UNDER SIMULATED SPACE FLIGHT CunNDITIONS -
IMPACT SENSITIVITY .

DMIC-MEMO-163 NES-15071




IMPACT SENSITIVITY OF MATERIAL IN CONTACT wWITH
LIQUID OXYGEN AND NITROGEN TETRCXICE
N63-17834

IMPACT TEST
PROPELLANT SENSITIVITY - EFFEZCTS OF ENVIRONMENTAL
CONTROL & SURFACE COATING ON IMPACT DETONATIGN OF
SGLID COMPGSITE PRCPELLANTS IN CONTACT WITH METALS
N63-16261

INDUSTRIAL SAFETY
COMBUSTION AND DETONATIGN HAZARDS OF LIQUID

HYDROGEN IN R&D FACILITIES

ASD-TOR-62-1027 NE3-11878

INFRARED RADIATION

STUCY OF INFRARED EMISSION FROM FLAMES AND
HOT GASES
RADC~-TR=-57-51 N6Z-166%5

MEASUREMENT OF EURNING SURFACE TEMPZRATURES OF
PROPELLANT COMPOSITIONS BY INFRARED EMISSION
A63-10109

INFRARED SPECTROSCOPY
INFRARED RADIATICN AND TEMPERATURE MEASUREMENTS IN
SOLIDO PROPELLANT FLAMES - ARCITE-368
TR-80Q0~-5 N63-122840

INFRARED SPECTRUM
HIGH ENERGY OXIDIZERS - NUCLEAR MAGNETIC <:SONANCE
AND INFRARED SPECTRUM STUDIES CF ICNIC STALCTURE
OF CHLORINE TRIFLUGRIDE COMPLEXES
N63-20943

INVESTIGATICN OF THE RAMAN AND INFRARED SPECTRA
OF LIQUID DEUTERATED HYDRAZINE
463-14068

SPECTROGRAPHIC INVESTIGATICN OF INFRARED
ABSCRPTION BANDS OF SIX DRGANIC-PHOSOHGROUS
COMPOUNDS A63-143217

INJECTOR
INJECTCR EVALUATION IN 2400-POUND-THRUST RUOCKET
ENGINE USING LIQUID CXYGEN AND LIQUIDC AMMECNIA
NASA-MEMO-12-11-58E N63-13887

INHIBITION
MECHANISM AND CHEMICAL INHIBITION OF HYDRAZINE-
NITROGEN TETROXIDE REACTIUN

ASD-TOR-62-1041 N63-12173
INHIBITOR

RESEARCH ON MECHANISM OF FLAME INHIBITION

ASD-TR-61-717 M6&Z-17105

INORGANIC COMPOUND
CHEMICAL AND PHYSICAL PROPERTIES OF SOME INGRGANIC
NITROGEN FLUCRIDES, INCLUDING TETRAFLUORC-

HYDRAZINE, THE TWO DIFLUQRCDIAZ INE ISOMERS,

DIFLUORAMINE, CHLURODIFLUORAMINE, AND FLUORINE

AZIDE A64-10078
INSERT

MATERIALS PROBLEM FOR THROAT INSERTS OF HIGH
ENERGY SOLID PROPELLANT ROCKETS
IDA-TR-62-19 N63-19272
INSULATING MATERIAL

INSULATING AND STRUCTURAL MATERIALS FOR LIQUID

HYDROGEN FUEL TANKS

AFFTC-TR-60-43, VOL. III N63-14676
PREDICTIGON AND PREVENTICN CF BGIL-OFF LOSSES DUE
TO EXTERNAL HEATING OF UNINSULATED MISSILE TANKS
CONTAINING LIQUID HYDROGEN

SAE PAPER 753A A63-23915

INSULATION
PERFORMANCE OF MODEL LIQUID HYDROGEN TANKAGE
WITH COMPRESSIBLE SUPER INSULATION
- SAE PAPER 578D A63-10182

INSULATOR
DESIGN OF AIRCRAFT FUEL TANKS FOR LIGUID HYDROGEW
NACA-RM-ES55F22 N63-12535

INTERHALCGEN COMPQOUND
INTERACTICN GF CHLCRINE TRIFLUGRIDE WITH MSTHONE
AND PROPANE, IN CROER TO DETERMINE THE
POTENTIALITY OF THE INTERHALOGEN REAGENT AS A
ROCKET FUEL A63-17371

INTERNAL COMBUSTION ENGINE
TWO UNCONVENTIGONAL TYPES OF INTERNAL COMBUSTIGN
RECIPRCCATING ENGINES USING HYPERGOLIC
BIPROPELLANTS FGR RECTIFIED ALTERNATORS PRQOVIDING
ELECTRIC POWER FCR SPACE MISSIONS
SAE PAPER 768A A63-24079
IRRADIATION
X-TRRADIATION OF AMMONIA AND HYDRAZINE TC
INVESTIGATE THE EFFECTS OF ICNIZING RADTIATICNS
ON PROPELLANTS
NASA TN D-1193 N62-1C0C1l4
ISOCYANATE
FURTHER DESCRIPTICN OF A T=ST PROGRAM AIMEC AT THE
DEVELCPMENT OF AN ISOCYANATE SOLID PRUPELLANT,
USING A NEW STATIC TEST MCTOR
463-17940

DEGRADATION CF POLYURETHANE SGLID PROPELLANT UNCER
TRRADIATION

NASA-CR-53012 N64-13283

J

JET ENGINE, JET PROPULSION
FUNDAMENTAL RESEARCH AS RELATED TN JET PRGPULSICON,

PROJECT SQUID N62-11512
JET FUEL

LIQUID HYDROGEN AS JET FUEL FCR HIGH-ALTITUDE

AIRCRAFT

NACA-RM-E55C28A N63-12541

COMPARISON OF THE PROPERTIES 0OF KEROSEZHE AND JP—-4
FUELS, WITH RESPECT TO THEIR RELATIVE SAFETY [N
TURBINE ENGINES A63-13904

PHYSICS-CHCEMICAL PROCESSES AND RESULTING
PROPERTIES OF JET PROPULSICN FUELS, INCLUDING
FUELS FCR AEROJET ENGINES, LIQUID PROPELLANT
ENGINESy AND OXIDIZING AGENTS AS FUCZL COMPCNENTS
A63-23094

JP=4 JET FUEL
LOW=TEMPERATURE CHEMICAL STARTING OF COMBINED JP~4
NITRIC ACID PROPZLLANT FOR LOW-THRUST ROCKET
ENGINE USING THREE~FLUID PROPELLANT VALVE
NACA-RM-E5S5E04 N63-12540

JP=6 JET FUEL -
JP=6 JET FUSL DETERIUKRATION DURING AMBIENT STORAGE
SAE PAPER 7738 Ab3-24444
Pl

K
KINETICS
SGLID PRUPZLLANTS - KINETICS OF THERMAL
DECOMPOSITION OF AMMUNIUM PERCHLORATE
N62-17768

KRYPTON TETRAFLUORIDE
OXYGEN FLUCRIDE REACTIONS - DIOXYGEN DIFLUCRIDE
SUBSTITUTICON & ACCITION PRODUCTS, ZLECTRIC SPARK
PREPARATION CF XENCN AND KRYPTCN TETRAFLUGRIDES
N63-1516G

L

LAUNCH VEHICLE
APPLICABILITY CF SCLIC PRCPELLANTS 7TC HIGH
PERFORMANCE LAUNCH VEHICLES

JPL-TR-32-352 N63-17166



DISCUSSION OF U.S. ADVANCES IN ROCKET TECHNOLOGY

A63-10691

LAUNCHING FACILITY

LIQUID HYDRIGEN SERVICING SYSTEM FOR SATURN 1
LAUWCH COMFLEX - TEST GF LIQUID HYDROGEN GAS PUMP,
VAPGRTIZATICN CCIL, VENT SYSTEM AND SURCOOLER
NASA-CR-51733 M63-221€1

LIQUIO AMMONIA

ROCKET ENGINE STARTING WITH MIXED CXIDES OF
NITROGEM AND LIQUID AMMONIA BY FLOW-LINE ADDITIVES
NACA-RM=-ES3F05 N63-12536

INJECTOR EVALUATION IN 240G0-POUND~-THRUST ROCKET
ENGINE USING LIQUID OXYGEN AND LIQUID AMMONIA
NASA-MEMO-12-11-58¢E N63-13887

LIQUID HYDROGEN

LIQUID HYDRUGEN STORAGE PRCBLEMS FCR UNMANNED MARS
VEHICLES
NASA TN D-587 N62-10081
PHGTOGRAPHIC STUDY OF LIQUID HYDROGEN UNDER
SIMULATED ZERO GRAVITY CONOITICNS
NASA TM X-479 NE2-10035
Hc AT TRANSFER TO CRYOGENIC FLUIDS
N62-11730

GROUND FACILITY REQUIRCEMENTS FOR SUBCCOOLING
LIQUID HYDROGEN
NASA-TN-D-1276 N62-13775
NUCLEAR RADIATION TRANSFER AND HEAT DEPOSITION
RATES IN LIQUID HYDROGEN
NASA-TN-D-1115 N62-14720
HEATING OF LIQUID HYDROGEN FRCM NUCLEAR RADIATICN
N62-15396

ELECTROSTATIC HAZARDS ASSOCIATED WITH THE TRANSFER
AND STORAGE OF LIQUID HYDROGEN
C-61092 N62-17256
COMBUSTION AND DETGONATION HAZARDS NF LIQUID
HYCROGEN IN R&D FACILITIES
ASD-TDR-62-1027 N63-11878

DESIGN OF AIRCRAFT FUEL TANKS FOR LIQUID HYDROGEN
NACA-RM-E55F22 N63=-12535

LIQUID HYDROGEN AS JET FUEL FOR HIGH-ALTITUDE
ATRCRAFT
NACA~RM-E55C28A N63-12541
INSULATING AND STRUCTURAL MATERTALS FOR LIQUID
HYOROGEN FUEL TANKS
AFFTYC~TR-60-43, VOL. III N63-14676
LIQUID HYDROGEN - DANGERS OF EXPLOSION AND OTHER
RELATED SAFETY HAZARDS TO PERSCNNEL

BMRI-5707 N63-14981

FIRE CONTROL IN LIQUID HYDROGEN AND LIQUID OXYGEN
PRUPULSION SYSTEMS
ASD-TDR-62-526, PT. II N63-18899

LIQUID HYDRCGEN SERVICING SYSTEM FCR SATURN I
LAUNCH COMPLEX — TEST OF LIQUID HYDROGEN GAS PUMP,
VAPORIZATION COIL, VENT SYSTEM AND SURCOOCLER
NASA-CR-51733 N63-22161

LIQUID HYDROGEN UTILIZED AS PRCPELLANT FCR SPACE
VEHICLES LIKE CENTAUR - TRANSPORATION, SLUOSHING,
STORAGE, MANUFACTURE, AND INSULATICN SYSTEMS
AE62-0774 N64-10128

SOLIDIFICATIGN OF LIQUIC HYDROGEN AND NEON FOR
CRYOGENIC-SOLID COOLING SYSTEM

AD-403445 N64-12999

DZSCRIPTICON OF A TURBINE-~TYPE FLOWMETER IN A
VACUUM JACKET TO MEASURE LIQUID-HYDROGEN MASS
FLOW IN ROCKET ENGINES A63-12222

DISCUSSION GF THE LCXPERIENCE GAINED FROM THE
HANDLING CF LIQUID HYDROGEN FOR THE CENTAUR SPACE

I-12

VEHICLE

ATAA PAPER 63090-63 A63-15209
PREDICTION AND PREVENTION OF BOIL-OFF LOSSES DUE
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LIQUTD PRCPELLANT LOSSSS DURING SPALE FLIGHY
N62-10977

HIGH ENERGY LIQUID CHEMICAL PRCPELLANT SYSTEMS
N562-11029

SPACE ENVIRONMENT AND ITS INTERACTICN WITh LIwUID
PROPELLANTS AND THZIIR STORAGE SYSTEMS
N62-11281

FUNDAMENTALS GF LIQUID FPRUGPELLANT SENSITIVITY
ARF-3197-6 N62-11311

FUNDAMENTALS CF LIQUID PRCPELLANT SENSITIVITY
ARF-3197~-9 Né62-11812

IGNITION OF HYDROGEN-OXYGEN ROCKET ENGINE BY
ADDITION OF FLUORINE TO OXIDANT
NASA-TN-D-130% N62-140567
TITAN TI1 STCRABLE PRGPELLANT HANDECOK

AFESD-TR-62-2 N62-16669

THE HANDLING AND STORAGE OF LIQUID PROPELLANTS
N62-17928

ENCAPSULATION OF LIQUID PROPELLANT WITHIN POLYMER
WALL N63-10090

MOOIFIED TYPZ 4-1B SERVICING TRAILER FOR HYZRAZINE
AND UNSYMMETRICAL OIMETHYL HYDKAZINE
SSD-TDR~-62-176 NG3-11133

TEMPZRATURE STRATIFICATION OF CRYQGENIC
PROPELLANTS N63-11329

MECHANISH AND CHZIMICAL INHIBITIUON GF HYDRAZINE-
NITROGEN TETROXIDE REACTION
ASD-TOR-62-1041 N63-12170
ROCKET ENGINEZ STARTING WITH MIXED OXIDES OF
NITROGEN AND LIQUID AMMGNIA BY FLOW-LINE ADDITIVES
NACA-RM~-E53F05 N63-12536

LOW-TEMPERATURE CHEMICAL STARTIN: OF COMRBINE) Jb—4
NITRIC ACID PROPELLANT FOR LOW-THRUST ROCKET
ENGINE USING THREE-FLUID PROPELLANT VALVE
NACA-RM-255E04 NE3-12540

THEORETICAL PERFORMANCE OF BINARY LIGQUID

PROPELLANT SYSTEMS — NITROGEN, FLUORINE, CHLORINE,

AND BORCN PROUPeLLANTS

€C-1960 N63-12832

HICH ENERGY LIwUID CHEMICAL PRCPULSICN SYSTEMS -

PART I, PROPELLANT ScLECTION FOR SPACE MISSIONS
N63-13081

HIGH ENERGY LIGUID PRCPULSICN SYSTEMS - PART II,
OZONE FLUORIDE N63-13082

ADVANCED HIGH ENERGY SPACE
OXYGEN BIFLUORIDE, DIBORANE
RMD-5507-F

STORABLE PROPILLANT -
N632-~13249

COMPATIBILITY OF GREASE LUBRICANTS WITH LIQUID
FUELS AND OXIDIZERS FOR MISSILES
N63-17832

STORABLE LIQUID PROPELLANTS — NITRCGEN TETRCXIDZ,
AEROZINE 50 AND RELATED COsPOUNTS
LRP-198 /2D &D./ L N63-13834

LICUID PROPELLANTS AND ROCKET ENGINE TECHNOLOGY
WGL-2-1962 NE3~21067

CHLORINE TRIFLUURIDE-HYDRAZINE LIGQUID PROPILLANI
AND ROCKET MOTOR DEVELOPMENT

NASA-CR-51004 N&3-21722

LICUID HYDRCGEN UTILIZED AS PRUPELLANT FOR SPACE
VEHICLES LIKE CENMTAUR — TRANSPORATION, SLUSHING,
STORALF,y MANUFACTURE, AND [NSULATICN SYSTEMS
AEL2-0774 Néq—-101238

DEVELGPMENT OF CHeMICAL ROCKET PROPELLANTS
OF LITHOGOLIC AND FREE RADICAL TYPES
A63-10920

INVESTIGATION GF THE REHAVIOR OF ROCKIT~ENGINE
PROPELLANTS STCGRED IN SPACE-VEHICLE TANKS wHILE
EXPLSED TU WO IGHTLESSNESS
ARS PAPER &2-2514 A03-117¢y
RECENT DEVELOPMENTS IN LIGUID RCCKET PRCPULSICN,
ESPECTALLY HIGH-ENERGY PRCPELLANTS, STORABLE
FUELSs VARIABLE-THRUST ROCKETS, AND HYBRID SYSTEMS
A63-13115

REVIEW OF THE PERFORMANCE OF NINETY-EIGHT PER CENT
HYDROGEN PERCXIDE AS # LICUID PRCPELLANT CF
EXCEPTIONALLY HIGH PERFORMANCS

A63-13434

EXPLCSICN HAZARDS IN LIQUID BIPROPELLANTS
A63-14288

DISCUSSICN CF HYPERGCOLIC PROPELLANTS INCLUDING A
BASIC DEFINITICON, PROPERTIES AND THE STRUCTURE OF
PHOSPHTRCUS HYPERGOLS AE3-14925

OUTLINE OF THE PREPARATION QF VARIOUS ORGANIC
DERIVATIVES OF PHOSPHUROUS, PRCDUCEC TO DETERMINE
HYPERGCLIC PRCPERTIES CF EACH

A63-14926

COMBUSTICN MECHANISMS CF LIQUIT HYDRAZINE
A63-17366

EFFECT GF DESENSITIZING AGENTS ON THE INITIATICN
CF SPHEREICAL DETONATION WAVES IN LIQUID HYQROGEN
AND CXYGEN MIXTURES A63-2049¢

IGNITIUN DELAY CF SEVERAL TWG-~-COMPONENT FUELS AS A

FUNCTICN OF MIXTURE RATIO USING THE TWO-JET METHOD

AND SHOWING CATALYTIC EFFECT DOF IRCN IONS
A63-24283

LARGE~SCALE PRCDUCTIOM AND HANDLIWG PRGRLENMS OF
CRYGCENIC PRCPELLANTSy LIGUID HYDROGEN, CXYGEN,
NITROGCN AND HELIUM ARE DISCUSSED

A64—1CCT7

LIQUID PROPELLANT ROCKET ENGINE

IGNITION OF HYDROGEN-GXYGEN ROCKET ENGINE 8Y
ACDITICN OF FLUGRINE TG OXIQAMT
NASA-TN-D-13C9 N62-14C67
ATTENUATION OF TANGENT-PRESSURE OSCILLATION IN
LIQUID-OXYGEN-HEPTANE RGCKET EnGINE COMBUSTION
CHAMBER USING LCNGITUDINAL FIN
NACA-RM-ES56C09 N63-14761
PRCPELLANT CXIGIZERS FCR AIR-BREATHING ENGINES &
LIQUID & SOLID PROPELLANT ROCKET ENGINES -

FUEL CHEMISTRY

FID-TT-62-1417/18263¢84 N&3-19645

STATE-QF-THE-ART OF PRUPELLANTS AND COMBUSTION
A63-10205

APPLICATION CF THE GAS-SAMPLING TECHNIQUE TQ THE
STUDY GF CHEMICAL RzACTIOWNS DURING THE NOZZLE
EXPANSION PRQCESS OF A LIQUID PROPELLANT RCCKET
ENGINE A63-15707

MIXEDR PERFLUORCTRIALKYLAMIMES THICKENED WITH
TETRAFLUOROETHYLENE POLYMERS TG PRCVIODE GREASE-
TYPE LUBRICANTS THAT ARE UNREACTIVE WITH MISSILE
LIQUID FUELS AND OXIDIZERS A63-22423

PHYSILO-CHEMICAL PROCESSES AND RISULTING
PROPERTIES CF JET PROPULSION FU=ZLSs INCLUDING
FUELS FCR AERQJET ENGINES, LIJUID PROPELLANT
ENGINES, AND OXIDIZING AGENTS AS FUEL COMPONENTS
A563-23094



LITHERGOLIC PROPELLANT
DEVELOPMENT GF CHEMICAL RCCKET PROPELLANTS
CF LITHLCGOLIC AND FREZ RADICAL TYPES
A63-1092¢C

IGHITION aNG COMBUSTICN GF LITHERGCLIC CR KYBRID
PROPELLANTS WITH A LICUID OXIDIZER
AG3-22455

LOW TEMPERATURE
LOW-TEMPERATURE CHEMICAL STARTING CF COMBINED 4P~4
NITRIC ACID PRUGPZLLANT FOR LOW-THRUST ROCKET
ENGTINE USING THREE-FLUID PRCPELLANT VALVE
WHACA-RU-1155204 N63-12540

LUBRICANTY
COHPATIRTILITY OF LURRICANTS WITH MISSILE FUELS
OXIECI2ZERS - ORGANIC FLUCRINE COMPOUANDS
A62-13 N63-13326

HND

COMPATINILITY OF GREASE LUBRICANTS WITH LIQUID
FUSLS AND OXIPI1ZERS FAR MISSILES
NE3-17832

LUBRICANT GREASES NCNREACTIVE WITH MISSILE
ANT OXIDIZERS
FA-A63-10

FUELS
N64—-12705

MIXED PERFLUORGTRIALKYLAMINES THICKeENED WITH
TETRAFLUORCETHYLENE PCLYMERS TC PRCVIDE GREASE-
TYPE LUERICANTS THAT ARE UNREACTIVE WITH MISSILE
LIQUID FUELS AND OXIDIZERS 463-22423

LUNAR FLIGHT
JISCUSSION OF Ue.S. ADVANCES IN ROCKeT TECHNOLOGY

A63-10691

LUNAR LANDING
PROPFLLANTS FOR LUNAR
DENSTTY IMPULSCY
NASA-TN-D-1723

LANDING - HIGH SPCCIFIC
IGNITIGN, ANC STORAGE
N63-12¢40

AND

M
MANNED SPACECRAFT
DISCUSSION DF SUPESRCRITICAL CRYOGENIC HYDROGEN
AND OXYGEN STURACE SYSTEMS FOR REACTANT SUPPLY OF
A DIRECT ENERGY CONVERTER IN MANNED SPACECRAFT
ARS PAPER 62-2515 A63-11845

MARS /PLANET/
LISUID KHYOROGEN STURAGEt PROBLEMS FLR UNMANNED MARS
VERICLES
NASA TX C-587 N&2-10C81

MASS FLOW
CRYOGZNIC PRCPELLANT STRATIFICATION ANALYSIS GIVES
VGLUNMEe AND TEMPERATURE CF UPPER PROPELLANT LAYER
AS FUNCTION OF TIME, AND CORRELATION JF LIGQUID
NITRGGEN AND LIQUIC OXYGEN TITAN AND VANGUARD TEST

A63-19437

METAL A
ZXPCUSURE OF WELDED METALS TC CHLCORINE TRIFLUORIDE
AND PERCHLORYL FLUORIDE N63-13093

METAL PARTICLE
PRCCESS OF IGNITICN, AND EFFECTS OF OXYGEN AND
WATER VAPGR CN CCOMBUSTICN IN THE BURNING OF
ALUMINUM PARTICLES 1IN AN ATMOSPHERE OF CONTROLLID
TEMPERATURE aND COMPOSITION A63-22631

METALLURGY

PROPELLANT CCMPATABILITY WITH AEROSPACE MATERIALS
DMIC-MEMO-151 N62-13202

METHANE
INTERACTION OF CHLORINE TRIFLUORINE WITH METHANEZ
AND PROPANE, IN ORCER TO DCTERMINE THE
POTENTIALITY OF THE INTIRHALOGEN REAGENT AS A
ROCKET FULEL A&3-17371

METHYL HYDRAZINE
ANALYSIS OF THE TCXICITY UF MISSILE PRCPEILLANTS
AND OXIDERS OF BORANCT ARD METHYL HYDRAZINE
DERIVATIVES A63-15388

MICROSTRUCTURE
SOLIT PROPILLANT INVESTIGATICN — DEFURMATIOGN
VOLUME CHANGE, EINDZR~CXIDANT INTERFACE AND
FATLURE MODES, PROPELLANT MICRUSTRUCTURE
N63-14617

AND

MISSILE

PROPELLANT CCMPATABILITY WITH AERQSPACE MATERIALS
DMIC-MEMC-151 362-13202

COMPATIEILITY OF LUBRICANTS WITH MISSILE FUELS AAC
UXIDIZERS - DRGANIC FLUGRINE CULMPOUNDS
A52-13 N63-13326

COMPATIBILITY OF GREASE LUBRICANTS WITH LIGUID
FUCLS AND OXIDIZERS FOR MISSILES
N$3-17832

MISSILE SYSTEM
TITAN IT PROPELLANT HANCLING
OF PROPZLLANT-MATERIAL CUMPATIBILITY,
CLOTHING AND RANGE SAF:ETY RESTRICTIONS
ATAA PAPER 63086-63 A63-16908

PROBLEMS IN THE AREAS
PRCTCCTIVE

MISSION ANALYSIS
MISSTON ANALYSES CF THZ STORABILITY AND
PERFCRMANCE CHARACTERISTICS OF A GIVEN PROPCLLANT
COMBINATION
ARS PAPER 62-2723 A63-12693
MOLECULAR STRUCTURE
IONIC STRUCTULRAL ANALYSIS OF CHLGRC-ARSENIC—
FLUURIDE LY X-RAY INSPECTICN AND MCLECULAR WEIGHT

DETCRMINATICNS

AD-424714 N64~13099
MONOPROPELLANT

CLOSED LDOP HEAT TRANSFER APPARATUS FOK TESTING

MONOPROPELLANTS

PA-TM-1119 N63-12425

MONOPROPELLANT HYDRAZINE — HYDRAZINE-NITRATE
MIXTURES
JPL-TR-32-343 N53-16443
CALCULATION OF DEFLAGRATION LIMITS IN THE
LINEAR BURNING CF A MONOPROPELLANT WITH
APPLICATION TU AMMINIUNM PERCHLORATE
A63-15741

STZADY

N
NEON

SALITIFICATION OF LIQUID EYDROGEN AN NEON FOR
CRYSGENIC-SOLID COOLING SYSTEM

AD-403445 N64—-129973
NITRATE
DENSITY, VAPOR PRESSURE, VISCOSITY AND FREEZING

POINT OF HYDRAZINE
NASA-CR-50370

MONCNITRATE IN HYDRAZINE
N63-21071

NITRIC ACID
CLOSED LOCP HEAT TRANSFER
MONOPRUPELLANTS
Pa-TH-1116

APPARATUS FOR TESTING
N63-12425

LOW-TEMPERATURE CHEMICAL STARTING OF COMBINED JP-4
NITRIC ACID PROPELLANT FOR LOW~THRUST ROCKET
ENGINE USING THREE-FLUID PROPELLANT VALVE
NACA-RM-E55EC4 N63-12540

ELECTROLYSES IN ANHYDRUUS HYDRUGGEN FLUORIDE

SYSTEMS — AF-NIT2CUS OXIDE, HF-NITRCGEN TETRUXIDE,
HITRIC OXIDE
R=3077 N63-15317

RELATICNSHIP BETWSEN ABNORMAL PRESSURES AND THE
FORMATICN GOF UNSTABLE INTERMEDIATE COMPOUNDS WHEN
ANIMATED FUELS ICNITE WITH NITRIC ACID

¢ A63-173%9




NITROGEN
THERMODYNAMIC DATA CN NITROGEN AND CGXYGEN
ASD-TDR-61-625 N62-17364

NITROGEN CCMPGUND
SPONTANZEQUS IGNITION OF HYDRAZINE AND NITRIC OXIDE
AND OF HYDRAZINE AND NITROUS OXICE TO DETERMING
MODES COF REACTION, MECHANISMS CF ICGNITION AND RCLE
OF SELF-HEATING IN THESE REACTIONS
AE3-22578

NITROGEN DIOXIDE
SURVEY CF LITERATURE AND EXPERIMENTAL RESULTS CNR
THE THERMAL MECHANISMS RZLATED TO THE PHCTOLYSIES
AND THERMAL OECOMPOSITICON CF NITROGEN DICXiDE
AE£3-15099

NITROGEN FLUCRIDE
CHEMISTRY OF INCRGANIC NITRGGEN FLUCRINES
RSIC-77 N63-23789

CHEMICAL AND PHYSICAL PRCPERTIES OF SOMZ INDRGANIC
NITRGGEN FLUCRIDES, INCLUCING TETRAFLUCRO-
HYDRAZINE, TFE TWO DIFLUORGDTAZINE ISUMERS,
DIFLUJSRAMINEs CHLCRODIFLUCRAMINE, AND FLUCRIME
AZIDE A64-1C078

NITROGEN MONOHYDRIDE
NITROGEN MONOHYDRIDE AS INTERMEDIATE PRGDUCT OF
DECOMPOSITION GF CHLOROAMINE BY ULTRAVIOLET
IRRADIATION
TIL/T-5368 N63-13739
NITROGEN OXIDE
PERFORMANCE OF THE NITROGEN TETROXIDE-HYDRAZINE
SYSTEM IN THE GXIDIZER-RICH ANC FUEL-RICH REGICNS
JPL-TR-32-212 N62-10342

TITAN II STORABLE PROPELLANT HANCBCOK
AFBSD-TR-62-2 NG62-16669

ROCKET ENGINE STARTING WITH MIXED CXIDES GF
NITROGEN AND LIGUID AMMONIA BY FLOW-LINE ADCITIVES
NACA-RM-E53F05 N63-12536

LOW-PRESSURE ENVIRONMENT REACTION OF HYCRAZINE AND
NITROGEN TETROXINE N63-23609

NITROGEN TETROXIDE
PERFGRMANCE CF THE NITROGEN TETROXIDE-HYDRAZINE
SYSTEM IN THE OXIDIZER-RICH AND FUEL-RICH REGIONS
JPL-TR~32-212 N62-10342

TITAN I1 STORABLE PROPELLANT HANCBCCK
AFESD-TR-62-2 N62-16669

MECHANISM AND CHEMICAL INHIBITION QF HYDRAZINE-
NITROGEN TETROXIDE REACTIUN
ASC~TDR-62-1041

HANDLING AND STORAGE CF NITROGEN TETROXIDE
PROPELLANT
RTD-TDR-63-10323 N&3-15735
ELECTROLYSES IN ANHYDROUS HYDROGEN FLUQGRIDE
SYSTEMS — HF-NITROUS OXIDE, HF-NITRCGEN TETROXIDE,
NITRIC GXIDE

R-5077 N63-15917

IMPACT SENSITIVITY GF MATERIAL IN CONTACT WITH
LIQUID OXYGEN AND NITROGEN TETROXIDE
N63-17834

EXPLOSIONS INDUCED BY CONTACT OF HYDRAZINE FUELS
WITH NITROGEN TETROXIDE - FIRE HAZARD
ASD-TDR-62-685 N63-17985

STORABLE LIQUID PRGPELLANTS ~ NITROGEN TETRGXIDEe
AEROZINE 50 AND RELATED CGMPOUNDS
LRP-198 /2D ED./ N63-18834
COMPATIBILITY OF POLYVINYLIDENE FLUCRIDE STRUCTURE
WITH NITROGEN TETROXIDE AND HYDRAZINE
NASA-CR-5£999 N63-21363

TITANTUM REACTIVETY WITH GASEQUS NITROGEN
TETRCXIODE UNDER ScVEIRT COWDITIONS CF TeNSILE
RUPTURE

OMIC-MEMO-173 N63-22817

REACTIUN OF HYDRAZINE AND NITRUGEN TETROXIOE AT
PRESSURES OF GOl MM Ho IN A STZZt VACUUM TANK
A63-205C0

NITROMETHANE
CHEMICAL RZACTICNS WHIZH QCCUR WHEM NITRCMETHANE
DECOMPGSES UNDER HIGH PRESSURE IN THE PRESENCE CF
CHRCOMIUM AND IRCN SXIDES A63~-17370

INVESTIGATION GF THE CETONATION OF CONDENSED
EXPLOSEVES SUCK AS WITRUMETHANE
A63~-18514

NITROUS OXIDE
ELECTROLYSES IN ANKYDROUS hHYDROGEN FLUCRICE
SYSTEMS — HF~WITRUUS UXIDEs HF-NITROGEN TETROXIDE,
NITRIC OXICE
R-5C77 N63-15917

DETONATION AND SHOCK TUBE STUDIES OF HYDRAZINE AND
NITRQUS CXIDE MIXTURES

ARL-63-157 N63~22341

NOZZLE FLOW
APPLICATION QF THE GAS-SAMPLING TECHNIQUE TG THC
STUDY OF CHEMICAL REACTIONS DURING THE NCZZLE
EXPANSICN PRUCESS OF A LIGUID PRUPCLLANT RUCKET
ENGINE A63-15707

NUCLEAR CHEMISTRY
IN-REACTOR LOOP FCR PRODUCTIGN OF HYDRAZINE BY
FISSIQCHEMISTRY
AGN~AN-1013 n63-20643

NUCLEAR MAGNETIC RESONANCE
HIGH ENERGY OKIDIZERS - NUCLEAR MAGNETIC RESONANCE
ANC INFRARED SPECTRUM STUDIES OF TONIC STRUCTURE
OF CHLORINE TRIFLUORIDE COMPLEXES

N63-20943

NUCLEAR RADIATION
NUCLEAR RADIATION TRANSFER AND HEAT OEPOSITION
RATES IN LIQUID HYDROGEN
NASA-TN-D-111% N62-14720
HEATING OF LIQUID HYDROGEN FROM NUCLEAR RADIATICN
N62-15396 *

NUCLEAR ROCKET
LIQUTD HYDROGEN STORAGE PROBLEMS FOR UNMANNED MARS
VEHICLES
NASA TN D-587 N62-10081
NUCLEAR SHIELDING
LIQUID HYDROGEN STORAGE PROBLEMS FOR UMMANNED MARS
VEHICLES
NASA TN D-587 N62~-10081
NUCLEATE BOILING
CLOSED LOOP HEAT TRANSFER APPARATUS FOR TESTING
MONOPROPELLANTS

PA-TM-1119 N63-12425

ORBIT CALCULATION
ADVANCED OXIDIZER MOLECULAR ORBIT CALCULATIONS
AND NONBONDED INTERACTIONS IN POLYATOMIC MOLECULES
S-13892 N64-12819

ORGANIC COMPOUND
OIRECT FLUORINATIGN OF ORGANIC COMPOUNDS
N63-11736

ORGANIC FLUORINE COMPOUND
COMPATIBILITY OF LUBRICANTS WITH MISSILE FUELS AND
OXIDIZERS — CRGANIC FLUCRINE COMPCUNDS
A62-13 N63-13326



OXIDIZER
PERFORMANCE OF THE NITROGEN TETROXIDE-HYDRAZINC
SYSTEM IN THE CXIDIZER-RICH AND FUEL-RICH REGICKS

JPL-TR-32-21¢ N62-10342
RESTZARCH IN HYERID COMBUSTION
R=-2267-7 N62—~16121
COMPATIBILITY OF STRUCTURAL MATERIALS WITH HIGH
PERFORMANCE OF LIQUID OXIDIZERS

N62-17955
LUBRICANT GREASES NGNREACTIVE WITH MISSILE FUELS

AND OXIDIZERS
FA-A63-1C N64-~12705
ADVANCED OXIDIZER MULECULAR GRBIT CALCULATICNS

AND NONBONDED [INTERACTIONS IN PGLYATOMIC MOLECULES

5-13892 N64-12819
CXYGEN
HEAT TRANSFER TO CRYOGENIC FLUIDS
N62-11730
THERMODYNAMIC DATA OH WITROGEN AND OXYuEN
ASD-TDR-61-525 N62-17364

REACTICNS OF TITANIUM WITH GASEQUS AND LIGUID
UXYGEN UNDER SIMULATED SPACE FLIGHT CCONDITIGNS -
IMPACT SENSITIVITY
DMIC-MEMO-163 N63-13071
OXYGEN APPARATUS
DEMONSTRATICN THAT A LOW-PRESSURE CYCLE CAN BE
USED TU MANUFACTURE LIQUID OXYGEN FOR THE FUELING

OF ROCKET ENoINES Ab63-153869
OXYGEN BIFLUQRIDE

ADVANCED HIGH ENERGY SPACE STORABLE PROPELLANT -

OXYGEN BIFLUORIDE, DIBORANE

RMB-5507-F N63-13249

OXYGEN DIFLUCRIDE-DIBORANE PROPELLANTS FCR USE IN
SPACE PROPULSION SYSTEMS — PERFORMANCE AND SPACE
STCRABILITY ANALYSIS

AIAA PAPER-63-238 N63-18342

OXYGEN FLUORIDE
ADDITION AND SUBSTITUTIOMN PRODUCTS OF OXYGEN
FLUCRIDES WITH CHLCRIME FLUORIDE, BROMINE
TRIFLUORIDE, AND SULFUR TETRAFLUCRIDE
N62-10551

INORGANIC CHEMISTRY OF THE OXYGEN SUBFLUORIDES
RMD-5009-Q1 N62-16968

COMPATIBILITY OF STRUCTURAL MATERIALS WITH HIGH
PERFORMANCE UF LIQUID UXIDIZERS
N62-17995

SYNTHESIS OF NEW OXIDIZERS FOR SCOLID PROPELLANTS -
PREPARATION AND PURIFICATION IN LIQUID OXYGEN
FLUJRIDE
MRB-2022Q2 N63-14221
OXYGEN FLUCRIDE REACTIONS — DIOXYGEN DIFLUORIDE
SUBSTITUTICN & ADDITICN PRODUCTS, ELECTRIC SPARK
PREPARATION OF XENON AND KRYPTON TETRAFLUORIDES
N63-15160

ANALYSIS OF THE EARTH-STORABLE HYPERGOLS,

AND BORANE FUEL SYSTEMS, AND FLUORINATED

OXIDIZERS, TO DETERMINE BEST SPACE-STORABLE FUEL
A63-11418

OXYGEN

OZONE FLUORIDE
HIGH ENERGY LIGQUID CHEMICAL PROPELLANT SYSTEMS
N62-11029

HIGH ENERGY LIQUID PROPULSION SYSTEMS — PART II,
GZUNE FLUURIDE N63-13082

P
PARTICLE SIZE
METHOD FOR OBTAINING PARTICLE SIZE DISTRIBUTIONS
IN AMMONIUM PERCHLORATE, A SOLID ROCKET FUEL,y
USING A LIQUID SECIMENTATION PRCCESS
A63-17024

PENTABORANE
REACTION OF PENTABORANE AND HYCRAZINE IN VERY
OILUTE CYCLOHEXANE SOLUTIONS AND STRUCTURE OF THE
ADDUCT

ATAA PAPER 63-503 A64=~11112
PERCHLORATE

HEAT STABILITY OF PROPELLANTS, HYDRAZINE

PERCHLORATE

AID-62-950 N62-14300

BURNING RATE OF PERCHLORATE-POLYESTER, CASTABLE,

SOLID PROPELLANTS N63-10766

PERCHLORYL FLUGCRIDE
EXPOSURE OF WELDED METALS TO CHLCRINE TRIFLUORIDE
AND PERCHLORYL FLUORIDE N63-13093

PERSONNEL
LIQUID HYDROGEN ~ DANGERS OF EXPLOSIGON ANO OTHER
RELATED SAFETY HAZARDS TO PERSONNEL
8MRI-5707 N63-14981

PHARMACOLOGY
PROTECTIVE EFFICACY OF VITAMIN B 6 CONGENERS,
PYRIDOXINE AND PYRIDOXAMINE, IN THE THERAPY OF
ACUTE 1,1-0CIMETHYLHYCRAZINE /UDMH/ INTOXICATION
A64-10250

PHOSPHORUS COMPOUND
DISCUSSION OF HYPERGOLIC PROPELLANTS INCLUDING A
BAS1C DEFINITICN, PROPERTIES AND THE STRUCTURE CF
PHOSPHOROUS HYPERGOLS A63-14925

CUTLINE OF THE PREPARATION OF VARIOUS ORGANIC
DERIVATIVES OF PHOSPHOROUS, PRODUCED TO DETERMINE
HYPERGQOLIC PROPERTIES OF EACH

A63-14926

SPECTROGRAPHIC INVESTIGATION OF INFRARED
ABSORPTION BANDS GF SIX ORGANIC-PHCSPHOROQUS
COMPOUNDS A63~-14927

PHOTOGRAPHY
PHOTOGRAPHIC STUDY OF LIQUIC HYDROGEN UNLER
SIMULATED ZERQ GRAVITY CONDITICNS
NASA TM X-479 N62-10095
PHOTOLYSIS
SURVEY OF LITERATURE AND EXPERIMENTAL RESULTS ON
THE THERMAL MECHANISMS RELATED TO THE PHOTOLYSIS
AND THERMAL DECOMPOSITION GF NITROGEN DIOXIDE
A63-15099

PIPELINE
DETECTING THE FULLY COGLED STATE OF A LIQUID
OXYGEN PIPELINE

ARC-CP-573 N62-10177
PLASTIC

PROPELLANT COMPATABILITY WITH AEROSPACE MATERIALS

DMIC-MEMO-151 N62-13202
POLLUTION

MISSILE PROPELLANT EFFECT ON ENVIRONMENTAL

POLLUTION

AMRL-TDR-63-75 N63-23574

POLYATOMIC MOLECULE
ADVANCED OXIDIZER MOLECULAR ORBIT CALCULATICNS
AND NONBONDED INTERACTIONS IN POLYATOMIC MOLECULES
$-13892 N64-12819




POLYESTER
BURNING RATE OF PERCHLORATE~POLYESTER, CASTABLE,

SOLID PROPELLANTS N63~-10766
POLYMER

ENCAPSULATICN CF LIQUID PROPELLANT WITHIN POLYMER

WALL N63-10090

RESISTANCE OF COMMERCIALLY AVAILABLE AND
EXPERIMENTAL POLYMERS TO HYDRAZINE-TYPE OXIDIZERS

A63-18122
POLYURETHANE
RELIABILITY ANALYSIS OF HYERID PROPULSICN SYSTZIM
N62-135897

EFFECTS OF MCISTURE ON THE DYNAMIC MECHANICAL
PROPERTIES OF AMMONIUM PERCHLORATE-POLYURETHANE
PROPELLANTS

JPL~TR-32-389 N63-13768

PULSE TECHNIQUE FOR ASSESSING FINITE WAVE AXIAL
COMBUSTION INSTABILITY OF ALUMINIZED AMMONIUM
PERCHLORATE-PCLYURETHANE SOLID PROPELLANT

N63-15589
POLYURETHANE PROPELLANT
CARDE-TR-426/63 N64-10951
DEGRADATION OF POLYURETHANE SOLID PROPELLANT UNDER
IRRADIATION
NASA-CR-53012 Ne4~13283

POLYVINYLIDENE FLUCRIDE
COMPATIBILITY OF POLYVINYLIDENE FLUORIDE STRUCTURE
WITH NITROGEN TETROXIDE AND HYDRAZINE
NASA-CR-50959 N63-21363

POTASSIUM PERCHLORATE
INVESTIGATION OF THE CCMBUSTION OF LGCSE GRANULAR
MIXTURES CF POTASSIUM PERCHLORATE AND ALUMINUM
USING HIGH-SPEED PHOTOGRAPHIC TECHNIQUES
A63-17333

PRESSURE DROP
EFFECT OF COMPOSITION CN COMBUSTIGCN GF SOLID
PRUPELLANTS DURING A RAPID PRESSURE DRGP
NASA-TN-D-1559 N63-10627

PRESSURE OSCILLATION
ATTENUATION OF TANGENT-PRESSURE CSCILLATION IN
LIQUID-CXYGEN-HEPTANE RCCKET ENGINE CUOMBUSTICN
CHAMBER USING LCNGITUDINAL FIN
NACA-RM-E56C09 N63-14761

PROPANE
INTERACTION OF CHLORINE TRIFLUORIDE WITH METHANE
AND PROPANE, IN ORDER TGO DETERMINE THE
POTENTIALITY GF THE INTERHALOGEN REAGENT AS A
ROCKET FUEL A63-17371

PROPELLANT
X-TRRADIATION GF AMMONIA AND HYDRAZINE TC
INVESTIGATE THE EFFECTS OF IONIZING RADIATIONS
CN PROPELLANTS
NASA TN DO-1193 N62-10C14

PHCTOGRAPHIC STUDY GF LIGUID HYCROGEN UNDER
SIMULATED ZSRC GRAVITY CONDITICNS
NASA TM X-47S N62-10095

PERFURMANCE UF THE NITRUGEN TETROXIDE~HYDRAZINE
SYSTEM IN THE OXIDIZER-RICH AND FUEL-RICH REGIONS
JPL-TR-32-212 N62-10342

HEAT TRANSFER TC CRYGGENIC FLUIDS
N62-11730

PROPELLANT COMPATABILITY WITH AEROSPACE MATERIALS
DMIC-MEMO-151 N62-132062

HEAT STABILITY CF PROPELLANTS, HYDRAZINE
PERCHLORATE
AID-62-90 N52-14300
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DEFLAGRATION TC DETCNATICN IN PROPELLANTS AND
EXPLOSIVES
BM~-SR-3863 N62-14674

RADIATION DAMAGE TC HYDROGEN BCNDED PROPELLANTS
STORED IN SPACE - MEASUREMENT METHODS
ANL-6585 N62-15264

PRGPELLANTS FCR LUNAR LANDING - HIGH SPECIFIC AND
DENSITY IMPULSE, IGNITION, AND STCRAGE
NASA-TN-D-1723 N63~12640

MISSILE PROPELLANT EFFECT ON ENVIRONMENTAL
POLLUTION
AMRL-TOR-63-75 N63-23574

STATE-NF~THE—ART OF PROPELLANTS AND COMBUSTION
A63-10205

REVIEW OF THE PHYSICAL AND CHEMICAL PROPERTIES OF
HEXANITROETHANE AS A POSSIBLE HIGH ENERGY
OXIDIZZR A63-13738

ROCKET ENGINE AS AN ENERGY CONVERSION DEVICEs AND

COMPARISON OF THE PERFORMANCE GF CRYDGENIC

PROPELLANTS WITH STORABLE AND SOLID PROPELLANTS
A63-14292

CALCULATICN OF THEORETICAL PERFORMANCE AND VARIOUS
THERMODYNAMIC DATA OF THE HYDRAZINE-CHLORINE-
TRIFLUORIDE HYPERGOLIC PROPELLANT SYSTEM

A63-14723

RADIATICN LOSS AND HEAT TRANSFER IN A BURNING
RECTANULAR BLOCK OF AMMONIUM PERCHLORATE
A63-15118

ANALYSIS OF THE TOXICITY OF HMISSILE PRCPELLANTS
AND OXIDERS OF BORANE AND METHYL HYDRAZINE
DERIVATIVES A63-15388

INTERACTION OF CHLORINE TRIFLUGRIDE WITH METHANE
AND PROPANE, IN ORCER TG DETERMINE THE
POTENTIALITY OF YHE INTERHALOGEN REAGENT AS A
ROCKET FUEL A63-17371

FURTHER DESCRIPTIGCN OF A TEST PROGRAM AIMED AT THE
DEVELOPMENT OF AN ISOCYANATE SOLID PROPELLANT,
USING A NEW STATIC TEST MCTGR

A63-17940

RESISTANCE OF COMMERCIALLY AVAILABLE AND
EXPERIMENTAL POLYMERS TO HYDRAZINE-TYPE OXIDIZERS
A63-18122

GRAPHICAL EVALUATION OF THE TRADE-OFF BETWEEN THE
SPECIFIC IMPULSE AND DENSITY OF PROPELLANTS .
ATAA PAPSR 63-198 A63-18444

FEASIBILITY OF OXYGEN DIFLUODRIDE-DIBORANE
PROPELLANTS FOR USE IN SPACE PROPULSION SYSTEMS
AIAA PAPER 63-238 A63-18882

CHEMICAL REACTIVITY OF PROPELLANTS AND OXIDIZERS,
ARE FOUND TO BE DETRIMENTAL TO BICLUGICAL SYSTEMS,
INCLUDING THOSE OF THE HUMAN BEING

A63-19065

ADDITIVES WHICH ACCELERATE CHEMICAL REACTIONS
PRECEDING THE IGNITION OF NONHYPERGOLIC
PROPELLANTS A63-20525

INSTRUMENT TO RAPIOLY ESTABLISH IGNITION DELAY IN
HYPERGOLIC FUELS UNDER VARIOUS CONDITIONS
A63-24279

PREPARATION OF COMPOSITE ROCKET PROPELLANTS
DISCUSSING ROCKET CASE, OXIDIZER, FUEL BINCER AND
FUEL PROCESSING METHODS A63-25085

LARGE-SCALE PRODUCTION AND HANDLING PROBLEMS OF
CRYOGENIC PRCPELLANTS, LIQUID HYDROGEN, OXYGENs
NITROGEN ANC HELIUM ARE DISCUSSED

A64-10077



PROPELLANT ACTUATED DEVICE
FAITLURES CF PRUPELLANT ACTUATED CEVICES DUE TC
SPACE RADIATION AND OTHER SPACE  ENVIRGHNMENRTAL
FACTORS A63-13154

PROPELLANT ADDITIVE
ADCITIVES WHICH ACCELLRATE CHEMICAL REACTICNS
PRECEDING THE IGNITION OF NONHYPERSOLIC
PROPELLANTS A63-28525

PROPELLANT BINDER
SOLIC PROPELLANT INVESTIGATION - DEFCRMATICN AND
VOLUME CHANGE, BINDER-CXIDANT INTERFACE ANC
FAILURE MCCESs PROPELLANT MICRCSTRUCTURE
N63-14617

PROPELLANT COMPOUND
OISCUSSION OF HYPERGOLIC PROPELLANTS IWNTLUDING A
BASIC DEF{NITICN, PROPERTIES AND THE STRUCTURE OF
PHOSPHORCUS HYPERGOLS A63-14325

QUTLINE GF THE PREPARATION OF VAPIOUS ORGANIC
DERIVATIVES OF PHOSPHORQUS, PRODUCED TO DETERMINE
HYPERGOLIC PROPERTIES OF cACH

A63-14925

VARIATIUN OF SURFACE TEMPERATURE WITH CHANCE OF
COMBUSTION PRESSUKE IN WEAK FUEL AMMOWIUM
PERCHLORATE MIXTURES 462-245¢9

PREPARATION OF COMPOSITE RCCKET PROPELLANTS
DISCUSSING RCCKET CASE, OXICIZER, FUEL BINDER AND
FUEL PROCESSING METHODS 462-25085

PROPELLANT OXIDIZER
SOLID PROPELLANT OXIDIZER SYNTHESIS, FLUORINE
COMPCUNDS
MRB-2022Q1 N63-10993

COMPATIBILITY OF LUBRICANTS WITH MISSILE FUELS AND

OXIDIZERS - ORGANIC FLUCRINE COMPOUNDS
A62-13 N63-13326

SYNTHESIS OF NeWw OXIDIZERS FUR SOLID PRUPELLANTS -

PREPARATICN AND PURIFICATION IN LEIQUID OXYGEN
FLUORIBE
MRB-2022Q2 N63-14221

SOLID PROPELLANT INVESTIGATION - DEFORMATIUN ANC
VOLUME CHANGE, BINDER-CXIDANT INTERFACZ AND
FAILURE MODES, PROPELLANT MICRCSTRUC TURE

N63-14617
CHEMICAL SYNTHESIS OF NEW OXIDIZERS FOR SOLID
PROPELLANTS
MRB-2022Q3 N63-16374

CCMPATIRILITY CF GREASt LULRICANTS WITH LIGUID
FUELS AND OXIDIZERS FOR MISSILES
N63-17832

BINARY COMBINATIONS OF ENER3JETIC FLUORINE
CONTAINING OXIDIZERS - CONDUCTIMETRIC TITRATIGNS
OF COMPOUNDS WITH CHLORINE €& FLUORINE ICNS
MRB-2022G4 N63-19102

PROPELLANT GXICIZERS FUR AIR-BREATHING ENGINES &
LIGQUID & SCLID PROPELLANT ROCKET ENGINES ~

FUEL CHEMISTRY

FTD-TT-62~1417/1628384 N63-19645

PHYSICO-CHEMICAL PROCESSES AND RESULTING
PROPERTIES OF JeT PROPULSION FUELS, INCLUDING
FUELS FOR AEROJET ENGINCS, LIQUID PROPELLANT
ENGINES, AND OXIDIZING AGENTS AS FUEL COMPCNENTS
A463-23094
PROPELLANT PROPERTY

GENERAL DISCUSSION OF THE PRODUCTION AND
PROPERTIES OF SGLID PROPELLANTS

TA63-15434

PROPELLANT SENSITIVITY
PROPELLANT SENSITIVITY -~ EFFECTS OF ENVIRONMENTAL
CONTROL & SURFACE CUATING CN IMPACT DETONATICN OF

SOLID COMPOSITE PROPELLANTS IN CONTACT WITH METALS

NE3-16261

PROPELLANT STORABILITY

GXYGEN DIFLUCRIGE-DIBCRANE PRCPELLANTS FCR USE IN
SPACE PROPULSICN SYSTEMS ~ PERFURMANCE AND SPACS
STORABILITY ANALYSIS

ATAA PAPER-63-738 N63-18342

MISSION ANALYSES OF THE STCRABILITY AnD
PZRFCORMANCE CHARACTERESTICS OF A GIVOWN PROPELLANT
CCMBINATION

ARS PAPER €2-2723 AE3-12093

ReVIEW UF THE PeRFLRMANCE CF NINITY-EIGHT PER CENT
HYDROSEN PEROXIDZ AS A LIQUID PRIPEZLLANT QF
EXCZPTIUNALLY HIGH PERFURMANCE

DISCUSSICN OF THE EXPERIENCE FROM THE
HANOLING CF LIQUTD HYLRGS3:Y FOR THE CIWTAUR SPACE
VERICL?

ATAA PAPER 43090-03 A63-15209

TITAN Il PROPELLANT HANDLING PRGBLEMS [N THE AREAS
OF PRCPELLANT-MATERIAL COMPATIBILITY, PROTECTIVE
CLOTHING AND RANGE SAFETY RISTRICYICNS

LIAA PAPER 630286-63 A62-163C3

PROPELLANT STORAGE

HANDLING AND STCRAGE CF NITROGEN TETRCXICE
PROPELLANT
RTD-TDOK-63-1033 N63-15735

CRYUGENIC PROPELLANT USE PARAMETERS AND STCRAGE
PREBLEMS
AIAA PAPER 63-259 A63-18796

JP-6 JET FLel QCEVERIORATION DURING AMPICNT STCRAGE
SAE PAPER 7734 A63-24444

LARGE-SCALE PRCDUCTIUN AND HANDLING PRCBLEMS CF
CRYOGENIC PRCPELLANTS, LIQUID FYDROGEN, OXYGEN,
NITROGEN AND HELIUM ARE DISCUSSED

Ae4—-1CCT77

PROPELLANT TANK

PHCTOCRAPHIC STUDY CF LIQUIU RYDROGEN UNDER
SIMULATED 7:R0C GRAVIFY CONCITIUNS
NASA TM X-473 N62-10C95

RADIANT HEAT FLUX AND TCXIZITY IN DYMNA-SOAR -
TITAN I DESTRUCT TESTS
ASN-TDR-62-221 N62-17108

PROPELLANTS FOR LUNAR LANDING - HIGH SPECIFIC AND
DENSITY IMPULSE, IGNITICN, AND STORAGE
NASA-TN-D-1723 N63-12640

PERFORMANCE OF MODEL LIQUID HYCROGEN TANKAGE
WITH COMPRESSIBLE SUPER IiNSULATICN
SAE PAPER 5780 A63-10182

RADIATION DAMAGE TO HYDROGEN~BCONDED ROCKET
PRCPELLANTS STCRED IN UGUTER SPACE
A63-11744

INVESTIGATION GF THE BEHAVIOR OF RGCKET~ENGINE
PROPELLANTS STURED IN SPACE-VEHICLE TANKS WHILE
EXPCSEC TO WEIGHTLESSNESS

ARS PAPER 62-2514 A63-11769

CRYOGENIC PROPELLANT STRATIFICATION ANALYSIS GIVES
VOLUME AND TEMPERATURE OF UPPER PROPELLANT LAYER
AS FUNCTION CF TIME, AND CORRELATION OF LIQUID
NITROGEN AND LIQUID OXYGEN TITAN AND VANGUARD TEST
A63-19437

PREDICTION AND PREVENTION OF BOIL-QOFF LOSSES DUE
TO EXTERNAL HEATING OF UNINSULATED MISSILE TANKS
CONTAINING LIQUID HYDROGEN

SAE PAPER 753A A63-23915

PROPELLANT TESTING

FURTHER DESCRIPTICN OF A YEST PRGGRAM AIMEC AT THE
DEVELOPMENT CF AN ISCCYANATE SOLID PROPELLANT,
USING A NEW STATIC TEST MOTOR

A63-17940




INSTRUMENT TC RAPTIELY ESTABLISH IGNITION DELAY IN

HYPERGOLIC FUELS UNDER VARIOUS CCNDITICNS
A63-242T79

PROPELLANT TRANSFER

VIBRATION TESTING OF LIQUID OXYGEN PROPELLANT DUCT

N63-14122

PROPULSION
PERFORMANCE OF THE NITROGEN TETROXIDE-HYDRAZINE

SYSTEM TN THE OXIDIZZR-RICH AND FUFL-RICH REGICNS

JPL-TR-32~212 N62-10342

RELTABILITY ANALYSIS GF HYBRID PROPULSICN SYSTEM
N62-15897

SPACE FLIGHT TECHNOLOGY - PRCOPULSION, STRUCTURES,

AND AERODYNAMICS Ne3-14582

PROPULSION SYSTEM
HIGH ENERGY LIQUID CHEMICAL PROPULSION SYSTEWMS -
PART I, PROPELLANT SELECTION FCR SPACE MISSIONS
N63-13081

HIGH ENERGY LIQUID PROPULSION SYSTEMS - PART II,
OZONE FLUORIDE N63-13082

BALLISTIC AND AERONAUTICAL SPACE TRAVEL -
PROPULSTUN SYSTEMS, ROCKETS AND SPACE VERICLES
N63-15990

OXYGEN DIFLUORIDE-DIBORANE PROPELLANTS FCR USE IN

SPACE PROPULSIUN SYSTEMS - PERFORMANCE AND SPACL
STCRABILITY ANALYSIS
AIAA PAPER~63-238 N63—-15342

FIRE CONTROL IN LIQUID HYDROGEN AND LIQUID OXYGEN

PROPULSION SYSTEMS
ASD-TDR-62-526, PT. II N63-18899

PROTECTIVE CLOTHING

TITAN I1 PROPELLANT HANDLING PROBLEMS IN THE AREAS

OF PROPELLANT-MATERIAL COMPATIBILITY, PROTECTIVE
CLOTHING AND RANGE SAFETY RESTRICTIONS
AIAA PAPER 63086-63 A63-16908

PURIFICATION

SYNTHESIS OF NEW OXIDIZERS FOR SOLID PRCPELLANTS -

PREPARATION AND PURIFICATION IN LIQUID OXYGEN
FLUQGRIDE
MR2-2022Q2 N63-14221

R
RADIATION
NUCLEAR RADIATICN TRANSFER ANC HEAT DEPOSITION
RATES IN LIQUID HYDROGEN
NASA-TN-D-1115 N62-14720

RADIATION EFFECT
X—IRRADIATION UF AMMONIA AND HYDRAZINE TO
INVESTIGATE THE EFFECTS OF IUNIZING RADIATIONS
ON PROPELLANTS
NASA TN D-1193 N62-10014

RADIATION DAMAGE TO HYDROGEN- BONDED PROPELLANTS
STORED IN SPACE - MEASUREMENT METHOCS
ANL-6585 N62-15264

RADIATION DAMAGE TGO HYDROGEN-BCNCED ROCKET
PROPELLANTS STCRED IN CUTER SPACE
A63-11744

FAILURES OF PRCPELLANT ACTUATED DEVICES DUE TO
SPACE RADIATION AND OTHER SPACE ENVIRONMENTAL
FACTORS A63-13154

RADIATION TRANSFER
NUCLEAR RADIATION TRANSFER AND HEAT DEPQSITION
RATES IN LIQUID HYDRUGEN
NASA-TN-D-1115 N62-14720

RADIATIVE HEAT TRANSFER
RADIATION LOSS AND HEAT TRANSFER IN A& BURNING
RECTANGULAR BLOCK OF AMMONIUM PERCHLORATE
463-15118

RADIOCHEMISTRY

FISSIOCHEMISTRY ~ NUCLEAR REACTOR PROCESS FOR
PRUODUCTION CF HYDRAZINE FRCM AMMCNIA
ASD=TR=7-840DA/VIT/ N63-13706

RADIOLYSIS

NITROGEN MCNCOHYCRIDE AS INTERMEDIATE PRODUCT OF
DECOMPOSITION CF CHLOROAMINE BY ULTRAVIOLET
IRRADIATICN

TIL/T-5363 N63-13739

RAMAN SPECTRUM

INVESTIGATICN CF THE RAMAN AND INFRARED SPECTRA
OF LIQUID DEUTERATED HYDRAZINE
463-14068

RECIPROCATING ENGINE

TWO UNCCNVENTICNAL TYPES CF INTERNAL COMByUSTION
RECIPROCATING ENGINZS USING HYPZRGOLIC
BIPRGPEZLLANTS FCR RECTIFIED ALTERNATORS PROVIDING
ZLECTRIC PCWER FCR SPACE MISSICNS

SAE PAPER 7484 A63-24079
REFRIGERANT

PROPELLANT CCMPATABILITY WITH AEROSPACE MATERIALS

DMIC-MZMO-151 N62-13202
RELIABILITY

ENCURANCE TESTING FOR SPLASH-COULED CGMBUSTOR AND
FUR CORROSION PROTECTICN OF TURBINE BLADING ALLCYS
AD-422582 N64-12936

ROCKET ENGINE

IGNITICN OF HYDRCGEN-OXYGEN ROCKET ENGINE BY
ADDITION CF FLUQPINE TO OXIDANT
NASA-TN-D-1309 N62-14067

RELIABILITY ANALYSIS OF HYERID PROPULSION SYSTEM
N62-15897

ROCKET ENGINE STARTING WITH MIXED OXIDES OF
NITROGEN AND LIQUID AMMONIA BY FLOW-LINE ADDITIVES
NACA-RM-E£53FC5 N63-12536

LOW-TEMPERATURE CHEMICAL STARTING OF COMBINED JP-4
NITRIC ACID PROPELLANT FOR LOW-THRUST ROCKET
ENGINE USING THREE-FLUID PROPELLANT VALVE
NACA-RM-E55E04 N63-12540

INJECTOR EVALUATION IN 2400-PUOUND-THRUST ROCKET
ENGINE USING LIQUID OXYGEN AND LIQUID AMMONIA
NASA-MEMC-12-11-58E N63-13887

LIQUID PROPELLANTS AND ROCKET ENGINE TECHNOLOGY
WGL-2-1962 N63-21007

CHLORINE TRIFLUORIDE-HYDRAZINE LIQUID PROPELLANT
AND ROCKET MOTOR CEVELGPMENT
NASA-CR-51004 N63-21722

DISCUSSION OF U.S. ADVANCES IN ROCKET TECHNOLOGY
A63-10691

DESCRIPTION UF A TURBINE-TYPE FLOWMETER IN A
VACUUM JACKFET TC MEASURE LIQUID-HYDROGEN MASS
FLOW Ix ROCKET ENGINES Ae3-12222

ROCKET ENGINE AS AN ENERGY CONVERSION DEVICE, AND

COMPARISON OF THE PERFURMANCE OF CRYOGENIC

PROPELLANTS WITH STORABLE AND SOLID PROPELLANTS
A63-14292

ROCKET ENGINE DESIGN

LIQUID HYDROGEN PROPELLANT SYSTEM FOR THIRD STAGE
OF A COMMUNICATION SATELLITE LAUNCHER
A63-21240

ROCKET FUEL TANK

PREDICTIOUN AND PREVENTICN OF BUIL-OFF LOSSES DUE
TO EXTERNAL HEATING GF UNINSULATED MISSILE TANKS
CONTAINING LIQUID HYDRUGEN

SAE PAPER 753A A63-23915



ROCKET NOZILE
APPLICATION OF THE GAS—-SAMPLING TECHNIQUE TO THE
STUDY CF CHEMICAL REACTIONS DURING THE NOZZLE
EXPANSION PROCESS OF A LIQUID PROPELLANT RUCKET
ENGINE A63-157G7

ROCKET PROPELLANT
DEVELOPMENT OF CHEMICAL ROCKET PROPELLANTS
OF LITHCGOLIC AND FREE RADICAL TYPES
A63-10920

REVIEW OF RESEARCH ON COMBUSTION BEHAVIOR OF

COMPOSITE SOLID PROPELLANTS SUCH AS AMMONIUM

PERCHLGRATE DISPERSED IN GCRGANIC FUEL MATRIX
A63-11065

ANALYSIS OF THE EARTH-STORABLE HYPERGOLS, OXYGEN

AND BORANE FUEL SYSTEMS, AND FLUORINATED

OXIDIZERSy, TO DETERMINE BEST SPACE-STORABLE FUEL
A63-11418

RADIATICN DAMAGE TC HYDROGEN-BONDEC ROCKET
PROPELLANTS STORED IN OUTER SPACE
A63-11744

RECENT OEVELOPMENTS IN LIQUID ROCKET PROPULSION,

ESPECIALLY HIGH-ENERGY PROPELLANTS, STORABLE

FUELS,y VARIABLE-THRUST ROCKETS, AND HYBRID SYSTEMS
A63-13115

REVIEW OF THE PHYSICAL AND CHEMICAL PROPERTIES CF
HEXANITRCETHANE AS A PGSSIBLE HIGH ENERGY
OXIDIZER A63-13738

ANALYSIS OF THE TOXICITY OF MISSILE PROPELLANTS
AND OXIDERS OF BORANE AND METHYL HYDRAZINE
DERIVATIVES A63-15388

DEMONSTRATION THAT A LOW-PRESSURE CYCLE CAN BE
USED TO MANUFACTURE LIQUID OXYGEN FOR THE FUELING
OF ROCKET ENGINES A63-15389

GENERAL DISCUSSION OF THE PRODUCTION AND
PROPERTIES OF SOLID PROPELLANTS
A63-15434

TITAN Il PROPELLANT HANOLING PROBLEMS IN THE AREAS
OF PROPELLANT-MATERIAL COMPATIBILITY, PROTECTIVE
CLOTHING AND RANGE SAFETY RESTRICTICNS

ATAA PAPER 63086-63 A63-16908

ROCKET PROPELLANT TANK
INVESTIGATION OF THE BEHAVIOR OF ROCKET-ENGINE
PROPELLANTS STGRED IN SPACE-VEHICLE TANKS WHILE
EXPOSED TO WEIGHTLESSNESS

ARS PAPER 62-2514 A63-11769

ROCKET SLED
VELOCITY AND ACCELERATION PROFILES OF ROCKET SLEDS
USING ADVANCED TRACKS
ORA-63-1 N63-13417
RUPTURE
TITANIUM REACTIVITY WITH GASEOUS NITROGEN
TETROXIDE UNDER SEVERE CONDITIONS OF TENSILE
RUPTURE

DMIC-MEMO-173 N63-22817

SAFETY
FIRE EXTINGUISHERS, SAFETY, AND ODETONATION
SUPPRESSION
ASD-TDR-62-526 N63-10149
LIQUID HYDROGEN - DANGERS OF EXPLOSION AND QTHER
RELATED SAFETY HAZARDS TO PERSCNNEL
BMRI-5707 N63-14981

SATELLITE LAUNCHING
LIQUID HYDROGEN PRCPELLANT SYSTEM FCR THIRD STAGE
OF A COMMUNICATION SATELLITE LAUNCHER
A63-21240

SATURN I LAUNCH VEHICLE
LIQUID HYDROGEN SERVICING SYSTEM FOR SATURN I
LAUNCH COMPLEX ~ TEST OF LIQUID HYDROGEN GAS PUMP,
VAPORIZATION COIL, VENY SYSTEM AND SURCCOLER
NASA-CR-51733 N63-22161

SENSITIVITY
CPERATICONAL CHARACTERISTICS DETERMINATION OF
HIGH ENERGY PROPELLANTS N63-13605

SHEARING STRESS
INVESTIGATION OF THE POSSIBILITY THAT THE STEEP
THERMAL GRADIENT EXISTING AT THE BURNING SURFACE
OF AMMONIUM PERCHLORATE AT HIGH PRESSURES CAN LEAD
TO SHEAR STRESS WHICH CAUSES CRACKING
A63-17021

SHOCK TUNNEL
DETONATION AND SHOCK TUBE STUDIES OF HYDRAZINE AND
NITROUS OXIDE MIXTURES
ARL-63-157 N63-22347
SHOCK WAVE
GASEQUS DETONATIONS AND SHOCK WAVE EXPERIMENTS
WITH HYDRAZINE
ARL-62-330 N62-14047
SIMULATION
REACTIONS OF TITANIUM WITH GASEQUS AND LIQUID
OXYGEN UNDER SIMULATED SPACE FLIGHT CONDITIONS -
IMPACT SENSITIVITY
DMIC-MEMO-163 N63-13071
SOLID PROPELLANT
IGNITION AND COMBUSTION OF SOLID PROPELLANTS
AFOSR-2225 N62-11479

VISCOELASTIC PROPERTIES OF SOLID PROPELLANTS AND
PRCPELLANT BINOERS N62-12941

BURNING MECHANISM OF SOLID PROPELLANTS CON AN
AMMONIUM PERCHLORATE BASIS
OFL-126 N62-15693

RESEARCH IN HYBRID COMBUSTICN
R=2267-17 N62-16121
COMBUSTIGN CGF AMMGNIUM PERCHLORATE AT LOW
PRESSURES - SOLID PROPELLANT

AID-62~139 N62-16271

SOLID PROPELLANTS — KINETICS OF THERMAL
DECOMPOSITION OF AMMONIUM PERCHLORATE
N62-17768

EFFECT OF COMPOSITICON ON CCMBUSTION OF SOLID
PROPELLANTS DURING A RAPID PRESSURE ORQOP
NASA-TN-D-1559 N63-10627

BURNING RATE CF PERCHLORATE-POLYESTER, CASTABLE,
SOLID PROPELLANTS N63-10766

SOLID PROPELULANT OXIDIZER SYNTHESIS, FLUORINE
COMPOUNDS
MRB-2€22Q1 N63-10993
RELATIVE IGNITABILITY OF SCLID PROPELLANTS EXPCSED
TO CHLORINE TRIFLUORIDE
NASA-TN-D-1533 N63-11616
EFFECTS OF MOISTURE CON THE DYNAMIC MECHANICAL
PROPERTIES OF AMMONIUM PERCHLORATE-POLYURETHANE
PROPELLANTS
JPL-TR-32-389 N63-13768
SOLID PROPELLANT INVESTIGATION - DEFORMATICN AND
VOLUME CHANGE, BINDER~OXIDANT INTERFACE ANC
FAILURE MODES, PROPELLANT MICROSTRUCTURE
N63-14617

DETONATION BEHAVIGR OF SOLID PROPELLANTS
U-2059 N63-14T40C




CHEMICAL SYNTHESIS OF NEW OXIDIZERS FUR SOLIC
PROPELLANTS
MRB-2022Q3 N63-16374
APPLICABILITY CF SGLID PRCPELLANTS 70 HIGH
PERFORMANCE LAUNCH VEHICLES
JPL-TR-32-352 N63-17166
DEGRADATION OF POLYURETHANE SOLID PROPELLANT UNDER
IRRADIATICN

NASA-CR-53012 N64-13283

MEASUREMENT OF EURNING SURFACE TEMPERATURES OF
PRGPELLANT COMPCSITIONS BY INFRARED EMISSION
A63-10109

REVIEW OF RESEARCH ON COMBUSTICN
COMPGSITE SCLID PROGPELLANTS SUCH
PERCHLORATE CISPERSED IN CRGANIC

BEHAVIOR OF
AS AMMONIUM
FUEL MATRIX
A63-11065

ROCKET ENGINE AS AN ENERGY CONVERSICN DEVICE,
COMPARISON DF THFE PERFORMANCE OF CRYQGENIC
PROPELLANTS WITH STORABLE AND SOULID PROPZLLANTS

AND

A63-14252
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